Planetary Sciences and Exploration Programme 


Volume -3, Issue-l 


16 


ec 
bd t 
f dbury 2122) ous HY 
Ading Me sel 


» 
we > 


(Ban 
en 


jm; 


—<— aw & 


4 
“is 


* 


JANUARY 2013 


N 
e 
WwW 
s 
[ 
e 
t 
t 
e 
r 


Volume -3, Issue-l, January 2013 


Editor’s Desk 
Reader’s Column 


News Highlights 
Flash News 

Prof. Devendra Lal: Glimpses of his Research 

S. Krishnaswami, J.N. Goswami and S.V.S. Murty, PRL, Ahmedabad- 380 009, India 
ARTICLES 

Impact cratering research and the diagnostic evidences of impact 

J. K. Pati, University of Allahabad, Allahabad-211 002, India 


Impacts on Solar System Objects 
P. Senthil Kumar, National Geophysical Research Institute, Hyderabad — 500 606, India 


Crater chronology: a tool for planetary surface dating 
I. Vartharajan and N. Srivastava, PRL, Anmedabad- 380 009, India 


Is Interstellar Space Travel Possible? 
T. Singal, IMS Chennai & A. Singal, PRL, Ahmedabad-380 009, India 


MISSION STORY 
LCROSS 


Mission Updates 
Events 


Announcements and Opportunities 


Advisor: Editor: Associate Editors: 
Prof. S.V.S. Murty Neeraj Srivastava Durga Prasad Karanam 


Co-ordinator, PLANEX. Menihere: Amit Basu Sarbadhikari 


Rishitosh Kumar Sinha Office: 
Bhumi Shah Nambiar K. Rajagopalan 
Ami J. Desai 


COVER PAGE 
Centre: A tribute to Prof. Devendra Lal 
Bottom left: The bottom panel depicts the theme (Impacts on Solar System Objects) of thirteenth PLANEX Workshop 
being held at NGRI, Hyderabad during Jan. 6-12, 2013. A picture of lonar impact crater can also be seen. 
Top right: The centre panel depicts the highlights of Mars Science Laboratory: Clockwise from left: Map showing the 
route covered by curiosity till 56" sol. Curiosity covered a distance of 484 metres from Bradbury landing to Gleneg 
Area; Self portrait of Curiosity taken by its Mars Hand Lens Imager; Rock called “Jake Matijevic” on which various 
detailed investigations are planned; Collage showing the variety of soils found at MSL landing site 
(MSL Image Courtesy: http://mars.jpl.nasa.gov/msl/multimedia/images/) 


Dear Readers! The New Year issue commences on a 
serious note where in we pay tribute to Prof. Devendra 
Lal, former director of PRL, whose sudden demise on 
Dec. 1°, 2012, in San Diego, California (USA) left us all 
in a state of loss. He was one of India’s prominent 
scientists of recent times, whose contributions to earth 
and planetary sciences can be an inspiration for 
generations. He was instrumental in initiating and 
nurturing modern day planetary sciences research in the 
country. As a tribute to Prof. Lal an article by his 
colleagues at PRL, highlights his scientific journey. 


Moving on, PLANEX is organizing its 13" workshop on 
“Impacts on Solar System Objects” at NGRI, Hyderabad 
from Jan 6-12", 2013. Motivated by the theme of the 
workshop, this issue focuses on various aspects of this 
very important geologic process, which has played a key 
role in the formation and evolution of all the planetary 
objects in our solar system. Three back-to-back articles 
have been included here discussing general 
characteristics and criteria for identification of impact 
structures especially the terrestrial ones, their spectrum 
of solar system vide occurrences and their precious 
utilization in dating distant planetary surfaces. A mission 
story on recently accomplished NASAs LCROSS 


mission — a technological feat, has also been provided, 


during which an artificial impact was made onto the 
Moon’s surface by a centaur rocket and the resultant 
plume on _ investigations revealed unambiguous 
signatures of water ice. 


Spicing the issue, a fascinating write up exploring the 
possibilities for an interstellar travel by a human being 
has been incorporated. Regular updates in the form of 
News Highlights/Flash news, Mission Updates and 
Announcement of Opportunities are also included for the 
benefit of the readers. In the ‘Events’ column, a summary 
of the recently held STP course of ISRO at PLANEX, 
PRL has been given. On the back cover page, you get 
important information regarding the ancient astronomical 
observatory “The Jantar Mantar at Jaipur”, as furnished 
by Prof. A. K. Singal of PRL. And before I sign off, 


A PROSPEROUS NEW YEAR TO ALL 


Keep Smiling © & Happy Reading © 


Neeraj Srivastava 
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“\.. ... ...A dedicated newsletter/magazine which gives an 
opportunity to keep updated about the new findings and future 
missions are very essential for the Indian Planetary Science 
community. PLANEX newsletter precisely fits into this role by 
providing a remarkable collection of well documented and 
informative articles related to Planetary Sciences. I am very 
much impressed with the diversity of the articles published 
which varies from planetary exploration to cosmology and the 
Higgs Boson!! The Columns “Mission Updates”, 
“Announcements and Opportunities” and a brief history about 
eminent scientists at the end of newsletter are my personal 
favourites. Kudos to the PLANEX team for the concept, 
visualization and the efforts they put into 


- Sriram Saran B. 
Space Applications Centre (ISRO) 
Ahmedabad 


“. J4.+4++.-L like and love to read all the articles. Not only they 
inspire me to read more, but to pursue and explore my ideas 
in different topics. I like the article regarding ASTROSAT 
”India’s first Astronomy Satellite” which is very nicely 
described with their Science goals, instruments etc. Keep 
including multidisciplinary topics which will help readers to 
think and which may bring wonderful ideas by the readers. I 
wish all the best to this wonderful and informative Planex 
Newsletter......” 


- Arvind Singh Rajpurohit 
Observatoire de Besancon, 
- Besancon, France 


.sesseee.-@ Very informative and nice illustrated Planex News 
letter. Please keep it up......” 


- K.N. Joshipura 
Department of Physics, Sardar Patel University 
Vallabh Vidyanagar, Gujarat 


As usual a super issue. Keep it up! Need to dedicate 
an entire issue to the forthcoming Mars Orbiter 
Mission 


- Srinivas Laxman 
Science Reporter 
TNN 


“4.0. A great, painstaking and skilful job of bringing the 
newsletter on time ............” 


- G. Parthasarathy 


CSIR-National Geophysical Research Institute 
Hyderabad 
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Curiosity Finds no Methane in Martian Air 

Years of controversy has finally come to end with the 
announcement of presence of no methane in Martian air 
by Curiosity’s Sample Analysis at Mars (SAM) 
instrument of NASA. SAM is a Tunable Laser 
Spectrometer (TLS) with better spectral resolution 
compared to any other instrument, used to reveal the 
mystery of Martian methane. Scientists believed that the 
Martian methane could be the potential sources of 
microbial life. Four analyses till date have been carried 
out by SAM with the latest on November 2", 2012. The 
results provide 95% certainty that the Martian air 
contains 5 parts per billion level of methane; basically 
imply that there is no detection of methane. Such a low 
level of methane can be easily explained by non- 
biological geochemical reactions or cometary source. 
This finding of NASA can put a halt to the planning of 
ESA for an orbiter that would map methane sources of 
the red planet. However, ESA’s Trace Gas Orbiter, due 
to launch in 2016, still finds hope in detecting methane as 
it has better detection limit (14 parts per trillion) than that 
of Curiosity (100 parts per trillion). Even if methane is 
not detected, ESA mission will still have estimates by 
measuring isotopic ratios of noble gases to track 
evolution of Martian atmosphere, seasonal movements of 
carbon dioxide and water vapour, and detecting traces of 
sulphur as an imprint of subterranean volcanic activity. 
Source: 


http://www.spaceflightnow.com/mars/msl/121102methane/ 
http://www.nature.com/news/hopes-linger-for-mars-methane- 


1.11746 


Formation History of Saturn Family Explained 

The satellites of Saturn are diverse in diameter, ranging 
from tiny moonlets (<1 km) to the huge Titan (5150 km), 
which is larger than the planet Mercury. Researchers 
believe that Saturn and its satellites are like a small-scale 
analog of our solar system. However, it is a mystery to 
the planetary scientists to explain the survival of several 
small to medium-sized satellites of Saturn during the 
period of late heavy bombardment (4.1 Ga) in the solar 
system. According to a new study, Saturn had several 
large and different set of satellites prior to its current 
configuration. They collided (similar to giant impact of 
the Earth-Moon system) and merged, creating the Titan 
and shed enough material to form several middle-sized (~ 
1000 km diameter) satellites such as Mimas, Enceladus, 
Tethys, _Dione, Rhea and Iapetus. The giant impact 
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scenario was modeled by computer simulation, 
visualizing how the gravitational clumping of rapidly 
spinning ice-rich spiral arms from the outer layers of the 
colliding satellites resembled in size and composition of 
the Saturn's middle-sized moons. On the other hand, 


Titan just kept growing in size. However, no timeline 


could be fixed for these relatively younger events of the 
Saturn’s family. 

Source: http://news.ucsc.edu/2012/10/saturn-moons.html 
http://www.redorbit.com/news/space/1112714953/saturn- 
moons-collisions-101712/ 


New Clue of Pallasite Formation 
There are 
controversies about 
the 
Pallasites, 


origin of 
which 
are a mixture of 
translucent, gem 
quality 
crystals and Fe-Ni 
metal. Either the 


are 


olivine 

Fig.1: Pallasite Esquel 
showing bright olivine crystals 
suspended in metal matrix 


pallasites 
assumed to be 
originated from a 
gradational boundary layer between the metallic core and 
overlying rocky mantle, or product as the result of an 
impact onto a differentiated planetesimal that structurally 
scrambled the protoplanetary body by mixing molten 
core and solid mantle materials. However, scientists are 
still puzzled about its origin and the nature of its parent 
body. A recent study on remnant paleomagnetism has 
significantly re-shaped our understanding towards its 
origin. Remnant magnetism occurs when a rock cools in 
presence of planetary magnetic field. This property can 
last for billions of years preserving the records of past 
dynamo activity. Until recently, it was not clear whether 
asteroids could really generate magnetic field. It is still 
not clear whether the magnetic field that magnetized 
these Pallasites was that of an active dynamo or from 
remnant magnetization in surrounding rocks. The recent 
study based on magnetic recording properties between 
olivine and Fe-Ni metal, and modeling on cooling 
properties of different size planetary bodies discarded 
both the above-mentioned possibilities. Some pallasites 
formed when metallic liquid from the core of an impactor 
was injected as dikes into the shallow mantle of a 
protoplanet of ~200-kilometer-radius. After 
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the olivine-metal mixing event the protoplanet stabilized 
and remained intact for at least several tens of millions of 
years. 

Source: http://www.sciencemag.org/content/338/6109/939. full 


New Evidences of Giant Impact Theory for the Origin 
of Moon 

The hugely favored giant impact theory between a proto- 
Earth and Theia for the origin of the Earth-Moon system 
is recently questioned by volatile (H,O, F, Cl, etc.) 
abundances in different lunar materials. However, a 
recent isotopic study on moderately volatile element, 
zinc, spins again the theory of the origin of Moon 
towards the giant impact. Zinc is a powerful tracer of 
volatilization in planetary bodies; its isotopic 
fractionation and abundance are controlled by planet- 
scale events in comparison with terrestrial volcanic 
activities. High-precision mass spectrometric (MC-ICP 
MS) measurements show that the heavier isotopes of zinc 
are strongly enriched in lunar rocks compared to the 
terrestrial or Martian rocks, which have broadly 
chondritic compositions. This result indicates a large- 
scale evaporation of zinc in the aftermath of the Moon- 
forming giant-impact event. 


Source: http://articles.latimes.com/2012/oct/17/science/la-sci- 
moon-history-20121018 
http://www.nature.com/nature/journal/v490/n7420/full/nature1 
1507.html 


Unusual Giant Gas Storm Detected on Saturn by 
Cassini 
Cassini spacecraft, a 
collaborative mission 
between NASA, 
European Space 
the 
Space 
recently 


Agency and 
Italian 

Agency, 
detected a massive Fig.2: Red, orange, and green 
gas storm on Saturn. 
This was first 
observed on 
December 5, 2010 as 
a small, bright white 


storm on Saturn’s Northern hemisphere. Data given by 


clouds (false color) in Saturn's 
Northern hemisphere: 
indicating massive gas storm, 
credit: NASA/JPL- 
Caltech/Space Science Institute 


Cassini’s Composite Infrared Spectrometer (CIRS) 
revealed record setting disturbances in the planet’s upper 
atmosphere and also detected two bright flares of warmer 
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air in the stratosphere indicating a massive release of 
energy into the atmosphere. Later on gradually as the 


storm started getting weaker these flares merged to 
become the largest and hottest stratospheric vortex 
shooting up the planet’s stratosphere temperature up to 
150°F (83°C) above normal. The source was detected 
using the Celeste spectrometer mounted on the McMath- 
Pierce Solar Telescope on Kitt Peak in Arizona. This has 
accounted for sudden rise in the ethylene content; a 
colorless, odorless gas not typically found on Saturn. 
Scientists are still in quest of resolving the issue 
regarding the origin of ethylene on Saturn. Further, 
research of which will gradually provide us with better 
information regarding some of the ongoing 
photochemical processes in the stratospheres of Saturn, 
as well as other giants in our solar system and beyond. 
Source: 
http://www.jpLnasa.gov/news/news.php?release=2012-335 
http://edition.cnn.com/2012/10/25/world/saturn-gas- 
storm/index.html 


Insights from 'Tissint"' 
Tissint, the fifth meteorite from Mars witnessed falling to 
Earth on 18th July, 2011 in Morocco, brought the 
opportunity to enrich our understanding about Mars. This 
meteorite is believed Bs 

to have been ejected 

about 0.7 Ma ago, and 

is proposed to have 

formed during 
shock- 
induced melting of the 
target rock. The 
0.740.3 Ma cosmic- 
ray exposure age of 


preferential 


Fig.3: Martian meteorite, 
Tissint, at The Natural History 
Museum (London), exhibits a 
black fusion crust with glossy 
olivines 


Tissint, similar to 
meteorite 

EETA79001, 
ejection of both during the same event. Integrated 


mineralogical, petrological and geochemical study of this 


favors 


meteorite has been recently concluded to provide an 
immaculate view of the Martian atmosphere, surface and 
interior. Initially, the recovered stones from Tissint fall 
were found to be almost fully covered with a shiny black 
fusion crust. Further investigations from the interior of 
this meteorite revealed presence of olivine macrocrysts 
included within a fine-grained matrix of pyroxene and 
feldspathic glass (maskelynite). The major elemental and 
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oxygen isotope data have provided similar insights, 
supporting the analysis that has helped in understanding 
the composition of the interior. Petrological approaches 
have indicated that the meteorite belongs to an important 
group of olivine-rich Martian basaltic rock (picritic 
shergottites). This is also consistent with the abundance 
of elements in Tissint being similar to those of other 
picritic shergottites, e.g. EETA79001. The scarcity in 
light rare Earth elements and other incompatible elements 
were also found similar to EETA79001. The estimation 
of nitrogen and carbon isotopes displayed a total nitrogen 
abundance of 12.7 ppm nitrogen with total 8!°N of -4.5%o 
and had a total carbon abundance of 173 ppm and 5'°C of 
-26.6%o. The high value of 5'°N was consistent with high 
S and F content, which further demonstrates that Tissint 
glass preserves trapped Martian atmosphere and has been 
contaminated by Martian surface components. 

Source: 
http://www.sciencenews.org/view/generic/id/345727/descriptio 
n/Scientists probe fresh Martian meteorite%C2%A0 


Origin of Lunar Surface Water 
Recently concluded Fourier 
spectroscopy (FTIR) secondary 
spectrometry (SIMS) analyses of Apollo samples have 
revealed that micrometeorite impacts were the most 


transform infrared 


and ion mass 


preferable phenomena by which glasses formed in the 
lunar regolith, exhibiting the presence of hydroxy] ions. 
This finding has impressed upon the feasibility of earlier 
proposed theoretical models of water stability on the 
lunar surface by means of solar wind-implanted 
hydrogen atoms at the 


polar cold traps. A 
similar mechanism 


: 
7005lagg2ir 


may contribute to 
hydroxyl ion on the 


surfaces of other 


airless bodies where 
the solar wind 
directly interacts with 


Fig.4: FTIR and SIMS spectra 
the surface, such as of Apollo 17 soil 70051 

Mercury and asteroid 

4-Vesta. This study demonstrated individual grains from 
Apollo 11 mare soil 10084, Apollo 16 highland soil 
64501, soil 70051 
agglutinates. Some of the agglutinates have exhibited 
typical FTIR absorption for OH groups, in the 3,500— 


3,125cm range. SIMS analyses also displayed H 


and Apollo 17 mare include 
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abundances equivalent to 160—200 ppm H:O, consistent 
with the FTIR data. These results suggest that 
agglutinitic glasses host the majority of the H in the 
samples, mostly as OH. Altogether, hydrogen can be 
implanted into lunar soils from the solar wind and 


subsequently transferred to agglutinitic glass through 


micrometeorite gardening and melting of solar-wind-rich 
soils. 

Source:http://www.nature.com/ngeo/journal/v5/n1 1/full/ngeol 
601.html 


A Diamond Planet! 

U.S.-Franco Astronomical research team has discovered 
a rocky planet having fundamentally different chemistry 
from Earth, called ‘55 Cancri e’, orbiting a sun-like star 
in the constellation of cancer. The radius of this planet is 
twice that of the Earth and is believed to be largely made 
up of diamond. As expected, it is much denser, having 
eight times greater mass than earth as well as extremely 
high surface temperatures that reached up to nearly 3,900 
°F (1,648 °C). It 
is estimated 
that at least 
one-third of the 
planet’s mass, 
the equivalent 
of about three 
Earth masses, 
could be 
composed of 
diamond. This 


planet first observed transiting its star last year, allowed 


Fig.5: Illustration of the interior of 
55 Cancri e 


astronomers to measure its radius for the first time. This 
study has reconfirmed the previously established theory 
that substantial amounts of carbon and silicon carbide, 
and a negligible amount of water ice, were available 
during the planet’s formation. Based on previous 
assumptions it was thought that 55 Cancri e contained 
considerable amount of super heated water. But the 
recent studies indicates that the planet has no water at all, 
and appears to be composed primarily of carbon (as 
graphite and diamond), iron, silicon carbide, and 
possibly, some silicates. It is believed that future studies 
will help us in discovering and exploring similar many 
more planets around our nearby stars which will planets 
and lead us to a better understanding of their 
evolutionary processes. 

Source: 
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http://www.reuters.com/article/2012/10/15/us-space-diamond- 
planet-idUSBRE89A0PU20121015 


Earth Analog for Curiosity's Home on Mars 

Cuatro Ciénegas city in the northern Mexican state of 
Coahuila is a biological reserve wherein natural springs 
in the vicinity have created extensive areas of wetland 
and lakes. In these 

inhospitable springs 

several bacterial 


communities have 
thrived since the 
beginning of life on 
Earth. Cuatro 
Ciénegas basin has 
preserved evidences oe 
for locked gypsum, Fig.6: Cuatro Ciénegas on 


which requires Earth and the Gale crater on 


sulphur components ars. 
Credits: Luis Eguiarte Fruns// 


from magma and 
NASA/JPL-Caltech/MSSS 


carbonates from the 
sea. Curiosity's home on Mars, Gale crater, has also 
displayed potential signatures of gypsum from the 
probing experiment that rover conducted recently on the 
Martian soil. This similarity has indicated that mineral- 
rich water was present and sulphur formed by meteoritic 
impact. For deciphering the environment of Mars, 
astrobiologists toil to understand how bacterial 
communities in Cuatro Ciénegas work, as both of these 
regions on Earth and Mars have displayed similar setting 
for the detected gypsum. The basic results have reflected 
the existence of two bacterial communities. These 
bacterial communities have formed while adapting to the 
conditions in which there is a lack of nitrogen, 
phosphorus, and other nutrients. The research is still 
continuing with expectations to make a _ simpler 
understanding of what could happen in extreme scenarios 
like on other planets. 

Source: 

http://www.marsdaily.com/reports/Curiosity_on Mars _sits_on 
rocks similar to those found in marshes in Mexico 999.h 
tml 
http://www.sciencenewsline.com/articles/2012103016030004. 
html 
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Vesta had an Advecting Liquid Metallic Core and 
Dynamic Magnetic Field 
Link:http://www.sciencemag.org/content/338/6104/2 
38.full 

NASA's Curiosity Touches the First Martian Rock: 
Resembles Unusual Rock from Earth's Mantle 
Link:http://www.sciencedaily.com/releases/2012/10/ 
121012004808.htm 

Enhanced Hydrogen Deposits at the Lunar Poles 
Detected 
Link:http://www.agu.org/pubs/crossref/2012/2012JE 
004112.shtml 

Geophysicists detected Rapid changes in the Earth's 
Core 
Link:http://www.sciencedaily.com/releases/2012/10/ 
121022145248 htm 

Moon's Mysterious 'Ocean of Storms' Created by a 
Giant Cosmic Impact 
Link:http://www.foxnews.com/science/2012/10/30/m 
oon-mysterious-ocean-storms-explained/ 

Ancient Microbial Life Survived the Harsh 
Environment of Antarctica 
Link:http://www.sciencedaily.com/releases/2012/11/ 
121126151054.htm 

Water Ice and Frozen Organic Materials Detected on 
Mercury's North Pole: NASA 
Link:http://www.scienceworldreport.com/articles/42 
56/20121130/meta-http-equiv-content-type-content- 
text-html-charset-utf-8-script-type-text-javascript- 
alert-db-connection-error-script.htm 

Meteorites Give the Clue of Water Isotopic 
Composition on Mars 
Link:http://www.sciencedaily.com/releases/2012/11/ 
121121092555.htm 

First Martian Soil Samples are Fully Analyzed by 
NASA’s Curiosity Rover 
Link:http://www.jpl.nasa.gov/news/news.php?release 
=2012-380 

Most Accurate Gravity Map of Moon is Created by 
GRAIL 

Link:http://www.nasa.gov/mission pages/grail/main/ 
index.html 


New chemical reaction could explain how stars 
form, evolve, and eventually die 
Link:http://www.sciencemag.org/content/337/6092/ 
327 


Back to Contents 


Prof. Devendra Lal Glimpses of his Research 


Prof. Devendra Lal, Fellow of the Physical Research 
Laboratory, Ahmedabad (India) and Professor at the 
Scripps Institution of Oceanography, San Diego, 
California (USA) passed away on 1 December, 2012, at 
his residence in San Diego, California, at the age of 83. 
Prof. Lal was a doyen of cosmic ray physics and earth 
and planetary sciences and a distinguished mentor. He 


Lal in discussion with Prof. B. Peters 


had a wide range of scientific interests spanning diverse 
areas of Earth and Planetary Sciences, from the earth’s 
mantle to the Moon and beyond. The novel ideas 
developed by Prof. Lal with his students and colleagues 
in the field of Cosmogenic Nuclides in Earth and 
Planetary Sciences led to seminal and innovative 
contributions that ushered new knowledge to characterize 
basic processes in various planetary reservoirs. 


Prof. Lal joined the Tata Institute of Fundamental 
Research, Mumbai in 1949, after completing his Masters 
in Physics from the Banaras Hindu University, a move 
that laid the foundation for his prolific research career. 
His early research at the Tata Institute of Fundamental 
Research with Profs. H. J. Taylor and B. Peters on 
cosmic rays provided insights into the nature and 
properties of elementary particles and their interactions 
much before the dawn of high energy accelerator era. 
The discovery of radiocarbon (‘“C) in the environment by 
Prof. W.F.Libby and his colleagues was the major 
turning point in the research interests of Profs. Peters and 
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Lal. These scientists recognizing that cosmic ray 
interactions with atmospheric constituents would also 
produce a suite of radionuclides in addition to "C, such 
as the long lived '°Be, shifted their research focus to 
investigations of production rates of various cosmogenic 
nuclides in the atmosphere and exploit their applications 
in Earth Sciences. This resulted in the discovery of a 
number of cosmogenic nuclides in earth surface 
reservoirs during 50’s and 60’s and a series of pioneering 
and bench mark publications on their 
production and applications that opened a 
completely new field of research in earth 
and planetary sciences. Among the various 
cosmogenic nuclides discovered by the 
TIFR group, mention must be made of '"Be 
and *’Si two nuclides the detection of which 
required major advances in analytical and 
because of their 
extremely low concentrations in earth 
surface reservoirs. First measurements of 


detection techniques 


Be by the TIFR group was made in rain 
water and deep-sea sediments at about the 
same time as it was independently 
discovered by Prof. J.R. Arnold and his 
_ group at the University of California, San 
Diego also in deep sea-sediments. Prof. Lal 
commenting on the detection of "Be wrote 
years later “ For me and my colleagues it (discovery of 
Be) demonstrated that we could do good science in 
India if we had confidence in ourselves”. The detection 
and measurement of *Si was even more challenging; 
Prof. Lal jointly with Prof. E.D.Goldberg and colleagues 
of the Scripps Institution of Oceanography overcame 
these through novel experimental approaches during his 
visit to SIO. The '°Be project at TIFR grew in strength 
and Prof. Lal as a part of his continuing foray into studies 
of cosmogenic nuclide applications, established the first 
National Radiocarbon Laboratory at TIFR primarily to 
determine the chronology of ancient cultures of India and 
to learn about the march of civilization in this part of the 
globe. 


On the personal front, Prof. Lal courted and married his 
colleague Ms. Aruna in 1955. Soon after their marriage, 
Prof. and Mrs. Lal along with scientists of the '’Be 
project undertook a major field campaign to Kashmir to 
process tons of snow for the detection of '°Be. Ever since 
Mrs. Aruna Lal had been the pillar of strength and 
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: 


support for Prof. Lal’s research career and achievements 
and an affectionate member and caretaker of his group. 


The scope of Prof. Lal’s research widened considerably 
during the early 60’s following his joint initiatives with 
Profs. J.R. Arnold and M. Honda from the University of 
California, San Diego to include topics on prehistory of 
cosmic rays and planetary evolution based on in-depth 
studies of signatures of cosmic rays in meteorites. These 
studies not only retrieved the paleointensity of cosmic 
rays in the galaxy through measurements of cosmogenic 
nuclides in meteorites but also established the potential 
of such records to determine the exposure history of 
meteorites in space. Prof. Arnold years later wrote “the 
collaboration among Honda, Lal and myself has been 
one of the happiest and most fruitful of my life”. 


It was around this period that a new field on nuclear 
tracks in solids and their 
applications were being 
developed by Profs. R. L. 
Fleischer, P. B. Price and 
R. M. Walker. Prof. Lal 
was fascinated by this new 
development and was keen 
to explore its applications 
to investigate the 
evolutionary history of 
and 
extraterrestrial objects. 
This led him to invite Prof. 
Price to TIFR to get a first 


terrestrial 


heavy ions 


Lal, Honda and Arnold with their spouses in a 1989 get-together. The 
“wall paper” behind them depicts Apollo 11 sample analysis protocol. 
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hand knowledge of the field. During the 
next decade Prof. Lal and his group made 
major advances in the field of nuclear 
tracks and applied them successfully to 
researches on properties of cosmic rays as 
recorded in tiny silicate grains of 
meteorites and moon samples (Fig.1)that 
include the composition and energy 
spectrum of heavy iron group particles 
(Z>22) in galactic cosmic rays during the 
past, the exposure history of lunar grains 
to solar flare particles, and lunar regolith 
dynamics at the Apollo and Luna landing 
sites.These investigations not only 


provided new knowledge on several 


Planetary, Solar System and 

Astrophysical processes but also laid 
foundation for extensive research on extra-terrestrial 
samples in India. The lunar research programme of Prof. 
Lal and colleagues at TIFR and later at PRL, two of the 
selected laboratories worldwide to receive moon samples 
from NASA, focused on studies of solar cosmic ray 
irradiated grains in the moon samples as they hold clues 
to processes leading to planetary evolution; a study that 
was prompted by their earlier discovery of such grains in 


gas rich meteorites. 


Prof. Lal made a major career move in 1972; he shifted 
to the Physical Research Laboratory (PRL), Ahmedabad 
as its Director succeeding Prof. Vikram Sarabhai. At 
PRL he initiated new programmes in Earth and Planetary 
Sciences, and Astronomy and was responsible for the 
establishment of the Mt.Abu infra-red Astronomical 


Observatory. Prof. Lal relinquished the position of 


Figure 1: Nuclear tracks in silicate grains due to solar and galactic cosmic ray 
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Director 1983 at the age of 54 and pursued his research 
interests by dividing his time between PRL and the 
Scripps Institution of Oceanography, University of 
California, where he served as a full time Professor since 
1987. He continued his 
participation and mentoring at both these research 


research through active 


institutions till he passed away. 


In the field of Earth Sciences, the discovery of several 
cosmic ray produced isotopes of widely different nuclear 
and chemical properties in the early 60’s laid the 
foundation for Prof. Lal and his colleagues at TIFR, PRL 
and Scripps to exploit their applications to time and tag 
various processes in the surface reservoirs of the earth; 
large scale atmospheric circulation, elemental scavenging 
from the atmosphere and oceans, hydrology of oceans 
and sub-surface waters, specifically the determination of 
"ages" of water masses and their movement and nutrient 
dynamics in the sea. Prof. Lal’s ambition to fully exploit 
the application of “Si to investigate global ocean 
circulation and particle dynamics in the sea was fulfilled 
when he along with his colleagues from PRL 
painstakingly measured its distribution in world oceans 
jointly by Profs. H.Craig of Scripps and K.K.Turekian 
from Yale University, as an integral part of the 
Geochemical Oceans Sections Study, a major 
international oceanographic initiative designed to track 
deep water movements and their rates. The studies on 
particle dynamics in the oceans later led Prof. Lal and his 
group to explore the use of biogenic 

opal in marine sediments to retrieve 

past records of surface ocean 

biogeochemistry and _ climate 

change. 


Studies of cosmogenic nuclides in 
earth and planetary sciences took a 
major leap with the advent of 
Accelerator Mass Spectrometry, a 
technique that could measure 
extremely low concentrations of 
long lived cosmogenic isotopes. 
This new technological advance 
formed the basis for Prof. Lal to 
conceive and establish another new 
and major area of cosmogenic 
nuclide applications based on in- 
situ produced isotopes, particularly 


: Se a: PG 
An organized search for Dhajala meteorite sample. 
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Be and *Al to determine exposure history of rock 
(glacier) surfaces. Prof. Lal’s contributions to this field 
through calculations of nuclide production rates and 
novel experimental approaches opened an avenue to 
determine erosion rates and exposure ages of rocks. This 
earth scientists places 
geomorphologic studies on a quantitative footing for the 
first time. 


approach often used by 


Prof. Lal’s active involvement in promoting excellence in 
scientific research, particularly in the field of Earth and 
Planetary Sciences is evident from the large number of 
students from India and USA he has mentored for their 
Masters and Doctoral research. Four generations of 
students have benefited from his tutelage, many of whom 
continue to pursue a research career and contribute to the 
global school in Earth and Planetary Sciences. Mrs. 
Aruna Lal, on her part was concerned about science 
education in children and both of them were keen to 
support schools and educational practices that can 
inculcate in children scientific temperament and enhance 
their curiosity about nature. A classic example of this is 
the way by which small school going children were 
involved in recovering bits and pieces of a meteorite that 
fell over an area of about 50 square kilometers in the 
Dhajala village of Surendranagar district, Gujarat. Search 
parties involving students and teachers of neighbouring 
villages resulted in an efficient collection of this precious 
meteorite. Mrs. Lal’s wishes, however could not be put in 


] 
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practice as she passed away in 1993. Her sad demise 
devastated Prof. Lal. In her memory he established the 
Aruna Lal Trust, administered through PRL, for 
providing scholarships for selected high school students 
to pursue college education in the science stream. The 
Trust also encourages young scientists who have made 
outstanding contributions in Earth and Atmospheric 
Sciences through the “PRL Award”. 


The professional achievements of Prof. Lal are in no 
Aruna Lal’s sustained 
emotional and intellectual support. To quote from Prof. 
Price’s article ‘A friendship with Lal’ : What brings 
order into his (Prof. Lal’s) life and keeps 

his imagination from running away from 

him is Aruna ------------ The two of them 

operate very effectively as a team--------- 

and Aruna is largely responsible for Lal 

having achieved so much 


small measure due to Mrs. 


The hallmark of Prof. Lal's research has 
been his 
combining 


wholesome 
both 
experimental studies to probe planetary 
physical and chemical processes and to 
determine their time scales. His seminal 


approach of 
theoretical and 


work on the calculations of cosmogenic 
nuclide production rates in various Earth 
reservoirs and other solar system objects 
and their validation through innovative 
experiments laid the foundation and 
subsequent development of the field of 
"Cosmogenic Nuclide Applications in 
Earth and Planetary Sciences”. He has more than 200 
and about 100 
publications in books, encyclopedia and conference 


publications in scientific journals, 


proceedings. Prof. Lal’s research and publications bear 
ample testimony to his interdisciplinary approach to 
scientific investigations; they combine inputs from the 
fields of cosmic rays, nuclear physics, earth and 
planetary sciences and astrophysics. 


Prof. Lal's research contributions have won him several 


national and international recognitions. He is a Fellow of 
the Royal Society (1979), Foreign Associate of the 
National Academy of Sciences, USA (1975), Founder 
Fellow of the Third World Academy of Sciences, Fellow 
of the American Association for the Advancement of 
Science and Fellow of all the three science Academies of 


i 


Prof. Lal delivering inaugural lecture at a conference at PRL. 
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India. He is a recipient of the several awards that include 
Bhatnagar Prize (1967), Goldschmidt Award (1997) and 
Sir C.V. Raman Birth Centenary Award (1996-1997). 
Prof.Lal is also a recipient of the civilian award 
“Padmashri” bestowed by the Government of India. The 
Prof.Lal occupied in 
International Scientific Organizations also bear testimony 
to his scientific stature. He was the President of the 


important positions has 


International Association for Physical Sciences of the 
Ocean ([APSO) during 1979-83 and the President of the 
International Union of Geodesy and Geophysics (IUGG) 
during 1983-1987. 
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It is difficult to come to terms with the reality that Prof. 
Lal is no more. He will be sorely missed by all those who 
knew him. He was a versatile and distinguished 
colleague, an illustrious Earth and Planetary Scientist, a 
great teacher and mentor. His life and work will be an 
inspiration for the new generation of scientists to pursue 
high quality research and take forward his intellectual 
and child like curiosity. 


- S. Krishnaswami 
J.N.Goswami 

S.V.S Murty 

Physical Research Laboratory, 
Ahmedabad 
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Impact cratering research and the diagnostic 
evidences of impact 


Introduction : 

One cannot better emphasize the importance of impact 
cratering research than what Eugene M. Shoemaker once 
said, “I submit that impacts of solid bodies is the most 
fundamental of all processes that have taken place on the 
terrestrial planets. Without impacts, Earth, Mars, Venus, 
and Mercury would not exist. Collisions of smaller 
objects are the process by which the terrestrial planets 
were bor.” The impact cratering process is of 
fundamental importance to the planetary and space 
sciences. Available evidences suggest its pivotal role in 
the formation of solar system including Moon and 
modification of planetary landscapes. On Earth, at least 
one major mass extinction event and a number of mineral 
(including hydrocarbon) deposits are associated with the 
bolide impacts. The importance of impact craters in 
planetary explorations is immense. India’s historic first 
Moon mission (Chandrayaan-1) left its “foot prints” on 
Shackleton crater, Lunar south pole by landing the Moon 
Impact Probe (MIP) on November 14, 2008 and possibly 
gave the first indication pertaining to the presence of 
water ice on Moon! Similarly on August 6, 2012 the 
Mars Science Laboratory (MSL) mission targeted Gale 
impact crater, Mars in order to investigate the possible 
presence of life-supporting systems on the red planet. 
Hence, it is important to understand impact cratering 
process in general and its effects on terrestrial and 
extraterrestrial objects. 


However, impact cratering research gained recognition, 
respectability and momentum in the last four decades. 
Petrographic study of meteorites was instrumental in the 
recognition of unequivocal shock metamorphic features 
and these features were later used to confirm terrestrial 
and lunar impact structures. The number of confirmed 
meteoritic impact structures on Earth is only 182 
(http://www.passc.net/EarthImpactDatabase; 23:10:2012) 
compared to thousands of such structures on the Moon 
and Mars! It is estimated that several hundreds of impact 
structures on Earth are waiting to be discovered (French 
and Koeberl, 2010). The rarity of terrestrial impact 
structures is mainly attributed to the dynamic nature of 
planet Earth, the role of various geological agents in 
modifying the landscape; and the lack of knowledge 


about the diagnostic evidences for the confirmation of the 
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bolide impact. Nowadays with the ease of availability of 
remote sensing data (digital and analogue), the 
identification of circular to near-circular structures have 
increased manifold and consequently many of them are 
wrongly identified as meteoritic impact structures. A 
detailed field study coupled with a careful petrographic 
examination of rock samples using a _ polarizing 
microscope is adequate to ascertain the tell-tale 
signatures of shock metamorphism vis-d-vis impact 
cratering. Shock metamorphism is defined as “all 
changes in rocks and minerals resulting from the passage 
of transient, high-pressure shock waves” (French, 1968) 
and the impactites are rocks comprising diagnostic shock 
metamorphic feature(s). In some rare cases, the impactor 
component is also found preserved within the impactites 
as meteorite fragments, otherwise it leaves an undeniable 
chemical trace depending upon the meteorite type. 


Stages of cratering process 

Bolide impacts involve an impactor (asteroid or comet) 
and a target (planetary surface). The size of the impactor 
(pea-sized to hundreds of kilometer), its shape, velocity 
(few km and up to about 70 km per second), 
composition, angle of impact (<10° to ~90°), and the 
target properties (crystalline or sedimentary and sub- 
aerial or sub-aqueous) are the factors that determine the 
final crater shape and size. The three stages of impact 
cratering (Melosh, 1989) include: 1. Contact and 
compression, 2. Excavation, and 3. Modification. The 
impact cratering process as a whole is completed in less 
than 15 minutes! However, this catastrophic 
hypervelocity (>11 km/s) event generates 
enormous shock pressure (up to 1000 GPa) and 
correspondingly the temperature can attain tens of 


impact 


thousands of degrees Celsius. 


Types of structures 

The impact structures are generally grouped into three 
types (Fig.1) and they include, 1. bowl-shaped simple 
structures having a central depression (e.g., Lonar crater, 
India, (Fig. 2); diameter: 1.88 km), 2. complex structure 
with a central peak/elevation (e.g., Dhala structure, India 
(Fig. 3); diameter: ~25 km) and 3. multiring structures 
(e.g., Mare Orientale, Moon; diameter: 930 km). The 
impactor often fails to reach the Earth’s surface and 
explode in the atmosphere leaving a large area 
completely devastated (e.g., Tunguska, Russia). Despite 
the variation in types of impact structures, the depth to 
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tenth of final crater diameter. Based on theoretical and 


Diamet . 6 ou Smee 5 
iP iia Qs eee field studies, the ratio between initial transient crater and 
aa —— ee ee 7 final crater diameters varies between 0.5 and 0.7 (French, 
a = Pras ae 1 
ae ce Ae p28): 
RAGA t va 


Diagnostic evidences for the confirmation of impact 
structures 
The meteoritic impact structures are often identified 


(a) Simple Crater 


= al sais , 1 ae Po initially as circular to near-circular features in satellite 
_ ‘ images and/or geological maps. However, it is important 
to carry out field and detailed petrological investigation 
to confirm such probable or possible structures based on 
unequivocal impact diagnostic mesoscopic and 
microscopic shock features. French and Koeberl (2010 


(b) Complex Crater 


LEGEND 


[2] stat estes and the references there in) and a recent issue of 
| Unshocked breccia Elements on impact cratering research (edited by Jourdan 
a Te and Reimold, 2012) provide an excellent review with 


Impact ejecta 


4 _* | Fractured bedrock 


Figure 1: Types of terrestrial impact structures. The simple 
structures are bowl-shaped with a central depression and 
complex structures are marked a central elevation due to 
elastic rebound. The simple to complex structure transition 
takes place at about 4 km in terrestrial conditions. There 
are multi-ring structures also. 


Figure 2: The Lonar structure, Maharashtra, India is a 
simple bowl-shaped structure in basaltic target rock. 


oe > : an 


Figure 4 Shattercones in quartzite from Vredefort impact 
structure, South Africa are the only mesoscopic shock 
metamorphic features. 


recent developments. The physical presence of projectile 
component(s) or their chemical traces in the impactites 
are also considered as impact diagnostic evidences. The 
shatter cones are the only mesoscopic shock features 
(Fig.4) ranging in size from a few centimeters to meters 
and mostly observed close to the central uplift. However, 
this horse tailing like features can be confused with cone- 
in-cone structure, plumose markings and certain conical 
wind-blown structures (French and Koeberl, 2010). It is 
: nn to be noted that the ridge and groove like structures in 
Figure 3: the Dhala structure viewed from NE : 

Wiese ‘ shatter cones radiate from a common centre, are 

exhibiting the central elevated area, crater-fill sediments : ; «hl : 
penetrative and point towards the direction of impact. 


and the monomict breccia. ; : 
They occur in all types of target lithology but are best 
diameter ratios in case of simple structures generally developed in fine-grained rocks. 


varies between 1/5 and 1/3 (Melosh, 1989) and in case of 
complex structures, the stratigraphic uplift is about one- 
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The microscopic shock metamorphic features comprise 
planar fractures (PFs), feather features (Poelchau and 
Kenkmann, 2011 and the references there in) at low 
shock pressure, PDFs (planar deformation features; 
(Fig.5), ballen structures (Fig.6), high pressure mineral 


- 


microscopic shock metamorphic features seen here in a 
quartz clast (Dhala impact melt breccia sample, India). 


polymorphs (like coesite, stisovite, diamond, lonsdelite 
and reidite etc.), shock-induced diaplectic glasses 
(maskelynite and lechatelierite), granular zircons and 
checkerboard feldspar etc. These microscopic features 
can be easily identified with the help of a petrological 


Figure 6. Ballen quartz with toasting in a 
fine-grained melt (annealed) matrix 
occurring Dhala impact melt breccia 
sample. India. 


microscope but it is desirable to further analyze these 
features at higher optical resolution using a SEM 
(Scanning Electron Microscope) or TEM (Transmission 
Electron Microscope). The PDFs are reported from 
quartz and feldspars in terrestrial impactites and occur as 
single or multiple sets (up to 12 sets). Individual PDFs 
are perfectly planar, narrow (<2-3 pm) and the respective 
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spacing between two consecutive PDFs may vary from 2 
to 10 um. The PDFs can be decorated type (bearing fluid 
inclusions) occurring in both toasted and non-toasted 
types. It is important to note that optical identification of 
PDFs needs to be supplemented by their optical 
orientation using a U-stage (Fig. 7) or spindle stage as 
the PDFs have tendency to form along 
crystallographic directions in minerals. 


specific 
TEM 
(transmission electron microscopy) technique is also 
employed to characterize shock diagnostic PDFs. The 
PDFs form in a pressure range of ~7 to 35GPa (French, 
1998). The ballen texure is observed in quartz clasts from 
the impact melt breccia as nearly circular to elliptical 
forms in two 
dimensions 
with variable 
size and rim 
thickness. The 
individual 
ballen loops 
may show 
varied optical 
orientation. 
One 
observe clear 
as well as 


can 


toasted 
domains in 
ballen-bearing 


quartz grains 
(Pati et al., 
2008; Pati et 
al., 2010). The 
ballen texture 


Figure 7. PLANEX facility developed 
in University of Allahabad for PDFs 
indexing using 4-axes Universal Stage 
(kindly donated by Professor Olaf 
Madenbach, Ruhr University, 


Germany). forms at 


pressures 
above 30-35 GPa and temperatures above 1200°C. The 
checkerboard feldspar is another shock feature first 
reported from the Lappajarvi impact structure, Finland 
(Bischoff and Stdffler, 1984) and it develops due to total 
fusion of the plagioclase clasts followed by fractional 
crystallisation of the melt. The shock-metamorphosed 
zircons are known to retain the diagnostic evidences of 
impact even under granulite facies metamorphism (Kamo 
et al., 1996; Reimold et al., 2002) and in some cases 
contain planar microstructures (Kamo et al., 1996; 
Reimold et al., 2002; Wittmann et al., 2006). The shock 
melted mineral clasts, in general, include maskelynite 


Back,to Contents 12 


(after feldspar) and lechatelierite (after quartz). The 
development of perlitic fractures in lithic clasts indicates 
complete melting under shock pressure in excess of 60 
GPa. Laser Raman spectroscopy is instrumental in the 
characterization of shock-induced high pressure phases. 
Very rarely the impactor (meteorite) fragments are 
observed within the impact melt breccia (Maier et al., 
2006). The extraterrestrial component can also be 
identified by measuring the concentration of PGEs 
(platinum group elements), especially Ir (iridium; >1 
ppb) and using isotopic signatures (Os, Cr and Fe 
isotopic ratios). It is also necessary to analyze and 
differentiate non-diagnostic features frequently cited to 
report new impact structures. These so called evidences 
include: 1. an area with circular morphology, 2. 
geophysical anomaly showing a circular pattern, 3. brittle 
structures in macroscopic scale, 4. minerals having kink 
bands, 5. Mosaicism, 6. presence of pseudotachylitic 
breccia, 7. magmatic rocks and glasses, and 8. Spherules 
etc. (French and Koeberl, 2010). Sometimes errors may 
creep in owing to “the invocation of new and unverified 
features (e.g., fullerenes with trapped He) as evidence of 
impact” (French and Koeberl, 2010). 


Shock features in Lonar and Dhala structures, india 


In India, there are 
only two 
confirmed impact 
structures known 
till date. The 
Lonar _ structure, 
Buldhana district, 
Maharastra _ state, 
India (Maloof et 
al., 2011 and the 
references there 
in) is a 1.88 km 
diameter simple 
structure with a 


central depression 
now occupied by 
a saline lake. The 
evidences put 
forth in favour of 


Figure 8: A BSE-SEM image of a 
granular zircon observed as a 
mineral clast in impact melt 
breccia from Dhala_ structure, 
India. 
its impact origin 
include the presence of shatter cones (Fredriksson et al., 
1973) and diaplectic glass (maskelynite; Nayak, 1993). 
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Although, maskelynite has been reported in subsequent 
studies (Fudali et al. 1980; Osae et al. 2005; Maloof et 
al., 2011) but shatter cones have not been observed in 
later reports. Recently chemical signature of a chondritic 
impactor has been identified in the sub mm-sized impact 
spherules based on their high Ni, Cr, and Co contents 
compared to the target basalt (Mishra et al., 2009). The 
Dhala impact structure (25°17'59.7"N, 78°8'3.1”E), 
Shivpuri district, Madhya Pradesh state, India (Pati, 
2005; Fig.3) is a complex impact structure with a central 
elevated area, monomict breccia ring and a thick impact 
melt breccia (Fig.4) sheet of Paleoproterozoic age (Pati et 
al., 2010). The geology of Dhala and adjoining areas is 
summarized in Pati and Reimold (2007), Pati et al. 
(2008) and Pati et al. (2010). The impact melt breccias, 
pseudotachylite breccias and suevite are the three types 
of impactites reported from Dhala structure so far. The 
shock features present in these impactites are PDFs (in 
quartz and feldspar), ballen quartz, high pressure silica 
polymorph, diaplectic glasses (maskelynite and 
lechatelierite), granular zircon (Fig. 8), checkerboard 
feldspar and chemical traces of the impactor. 


Concluding remarks 


Planetary and space sciences research in India have 
gained momentum in recent years. A large amount of 
data has been generated through Chandrayaan-1 and 
future missions to Moon (Chandrayaan-2) and Mars are 
in the pipeline. Hence, it is important to realize the 
significance of impact cratering research so that a better 
understanding of the planetary processes is made using 
now available high resolution data. At the same time a 
lot needs to be done, to investigate the terrestrial impact 
structures, increase crater count (including submarine 
structures), look for structures of Archean age, develop 
better techniques for the confirmation of impact 
structures (especially at low shock pressures and in soft 
rocks) and to understand cratering mechanism. 
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Impacts on Solar System Objects 


Introduction 


Impact cratering processes 
planetary objects 
preservation depends on the internal and/or external 


invariably affected all 
in our Solar System, but their 


evolution of the host planetary object. Volcanism, 
tectonics and erosion have significantly removed most of 
the impact record on Earth and Venus; younger ones are 
exposed now. A thick atmosphere of Venus shattered 
most of the incoming projectiles, but some survived and 
produced craters/basins, and some caused multiple 
impacts. Denudation removed most of the impact 
structures on Earth, and to some extent on Mars. In the 
case of Io, no impact record could be preserved due to 
the on-going global volcanic activity. Interestingly, some 
planetary objects whose internal or external evolutions 
were frozen early in the past because of their distinct 
thermal evolution, could preserve most of the impact 
record, as in the case of the Moon, Mars and Mercury in 
the inner Solar System, and possibly some icy satellites 
of Jupiter and Saturn in the outer Solar System. 


Because of our easy and frequent access to the Inner 
Solar System, our understanding about the impact 
structures in them have been improving, while we know 
little about the outer Solar System. In general, the impact 
structures on the planetary surfaces were recognized 
using images obtained by the orbiting satellites and 
interpreted by studying their morphology. However, the 
shock effects associated with the impacts were only 
documented for those on Earth and the Moon, because of 
our direct access to the rocks/minerals from the impact 
sites and the shock-imprints in the nature-returned 
meteorites. The impacts on planetary objects produced a 
wide variety of structures: simple craters (bowl-shaped 
ones), complex craters (circular structures with central 
peaks), peak-ring basins (a circular ring on the basin 
floor), multi-ring basins, and flat-floored large basins 
without rings. Some impact structures show a transitional 
form to some of these morphologies. All morphological 
variants of these structures are recognizable in almost all 
planetary objects but with some differences depending 
upon the size/mass of the planetary objects, projectile and 
target properties and the energy of the impacts. Impact 
structures in the inner Solar System bodies are mostly on 
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POPULATION 1 
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(1) Mapping of impact craters on planetary 
surfaces in the form cumulative or relative 
crater size-frequency distributions, 


0.1 Lunar } x : <4 (2) Modelling of the size distributions of the 
: Highlands Y Mars Re : 
: projectiles responsible for the planetary 
Highlands : 
/ # impact record, 
Highlands 
gs Mars (3) Chemistry and geochronology of the 
S 0.01 Northern Apollo-returned lunar samples and the lunar 
ow Plains + POPULATION 2 and Martian meteorites, 
Lunar (4) Survey of the small bodies in the Solar 
Post-mare Venus System 
0.001 All regions 
a (5) Reliable models of past orbital 
~ migrations of our gaseous giants. These 
datasets were a result of the community 
ae effort for several decades and we start to see 
0.0001 
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Figure 1: The crater size distributions on the Moon, Mars, and Mercury 
(Strom et al., 2005; see the supplementary materials). The population 1 


th it t ! 
40000 e fruit today 


The crater population of the inner Solar 
System can be divided into two types (Figure 


1): 


consists of craters from the highlands of Moon, Mercury and Mars, while 


the population 2 is from the Mars northern plains, lunar post-mare craters 
and Venus. The size distributions on younger surfaces (Population 2) are 
different from those for the old surfaces that represent the LHB 
(Population 1). The error bars are not shown for a few plots for which the 


lower limits of error are below the abscissa. 


the rocks, while the outer Solar System bodies are on the 
ice layers. 


The Inner Solar System 


The impact crater population of planetary objects provide 
much insight to the history of impact events and the 
projectile reservoirs. Similarity of the crater size- 
frequency distributions of various planetary bodies in the 
inner Solar System (Figure 1), and a comparison of their 
causative projectile size distribution with smaller space 
objects (e.g., asteroids) strongly suggest that the 
projectiles were originated largely from the main asteroid 


belt and from the near-Earth asteroids in some cases. 
Thanks to the following datasets that helped to make 
these conclusions: 


(a) Population 1 from the heavily cratered 
highlands of the Moon, Mars and Mercury, 
grossly produced around 3.9-3.8 Ga, during 
the late heavy bombardment (LHB) period, 


(b) Population 2 from the northern low-lands 
of Mars, post-mare lunar craters, and those covering the 
entire Venus' surface; these were produced after the 
LHB, up to the present. 


The crater population that existed before the LHB period 
(>3.9 Ga), that is the first 600 million years of impact 
history (the dark period), cannot be gleaned from the 
existing crater record, unfortunately. A stunning 
similarity of the size-distribution of the main asteroid belt 
objects to the projectiles of the population 1 craters 
indicates the sources and asteroid transport mechanism 
(dynamical, gravitational) that preserved the main belt 
distribution and that was a one-time event. The physical 
transport mechanism was independent of the asteroid 
size, unlike the "Yarkovsky effect" that is a size- 
dependant non-gravitational transport processes, likely to 
have been responsible for the transport of the near-earth 
asteroids. The dynamical (gravitational) transport 


mechanism that affected the LHB projectiles could 
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plausibly be driven by the orbital migration of the outer 
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Figure 2: Depth versus diameter measurements for fresh 
craters on the icy Galilean satellites: Callisto (a), Ganymede 
(b), and Europa (c). Simple craters are plotted as solid dots, 
central peak craters as open circles, central pit and dome 
craters as crosses, and anomalous forms and multiring basins 
as error bars (Schenk, 2002). 


Volume -3, Issue-1, January 2013 


planets (example, Jupiter-Neptune) leading to a 
rearrangement of the orbits of these planets, around that 
time. The orbital instabilities depleted the outer asteroid 
belt; those lost-asteroids from the main belt were pushed 
to the orbits of the inner Solar System planets, and 
cataclysmically bombarded the inner Solar System for a 
period of ~100 million years. The source and timing of 
the LHB is consistent with the planet migration. A close 
resemblance of the near-earth asteroid population with 
the post-LHB projectiles suggests them to be the source 
of population 2 craters. Thus, the near-earth asteroids are 
largely responsible for the cratering record after 3.8 Ga. 
The Yarkovsky effect delivered a substantial number of 
asteroids smaller than 20 km in diameter into the 
terrestrial planet-crossing orbits, producing the 
Population 2 craters. However, some disagreements exist 
in the recent literature regarding the projectile population 
that caused the LHB. Some authors advocate the 
projectiles that caused the post-Imbrian/Orientale crater 
population do not resemble the main belt asteroids, 
although they form the part of LHB_ population. 
However, this is still debated, and warrants further 
research. 


Although the asteroids have bombarded the inner Solar 
System, the recent orbital/flyby images of their surfaces 
reveal that these bodies were themselves bombarded by 
many other small projectiles, producing impact craters of 
a wide range of sizes and shapes (e.g., Eros, Lutitia, 
Gaspra, Ida, Mathilde etc), most of them are simple 
craters but complex craters are rare but present in some 
bodies (e.g., Vesta). The impact craters in the asteroids 
have undergone degradation, leading to burial by 
slump/landslide sediments from the crater interior. 
Impacts on these bodies also produced large-amplitude 
ground vibrations due to impact-induced seismic 
activities, forming the ponds of sediments on the crater 
floor and erasure of small impact craters. 


The Outer Solar System 


Impact cratering in the outer Solar System is less 
constrained than in the inner Solar System. The impact 
crater records largely come from the satellites of Jupiter, 
Saturn, Uranus and Neptune and the mapping of comets. 
Some of the important projectile reservoirs are 
considered to be the Kuiper belt, the scattered disk and 
the Oorts cloud. The recent cometary impacts on Jupiter 
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have been well documented using the space telescopes. 
Atmospheric composition (e.g., carbon monoxide) of 
these planets also provides some clues about the 
cometary impacts. Some researchers attribute the rings of 
Saturn to the fragments formed by the tidal splitting of 
incoming comets over a period of time (late heavy 
bombardment period?). Tenuous dust clouds 
consisting of 0.5-1 pm size particles were 
detected around Jupiter's Galilean moons Io, 
Europa, Ganymede and Callisto with the in-situ 
dust detector on board Galileo spacecraft; these 
dust particles were resulted by hypervelocity 
impacts of micrometeoroids onto the satellites’ 
surfaces. Impact record of some of the icy 
satellites of Jupiter (Europa, Ganymede, and 
Callisto) has been well studied. Although these 
icy satellites have similar gravitational 
acceleration as Earth’s moon, the craters larger 
than a few km on these satellites are generally 
shallower than their lunar counterparts, lack peak 
rings, and display unique morphologies (central 
pits, central domes, anomalous forms) that have 
no lunar counterpart (Figure 2). Diameter-depth 
of 
constrained the thickness of the upper icy shells 
to be a few tens of kilometres. 


measurements these impact structures 
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younger smooth plains, there are similarities and 
differences. Therefore, it is unclear whether the impactor 
populations changed over time. Phoebe has a unique 
impact crater distribution, lacking craters in a narrow 
diameter range around | km; a cause for the depletion is 


yet to be understood. 


Figure 3: A view of the heavily cratered terrains of Mimas (as seen 


Our understanding of the crater records of 
Saturnian satellites have been improving ever 
since the Cassini mission (Figure 3), which 
added a wealth of new sub-kilometre crater 
population data. The impact crater population in the 
heavily cratered terrains on Rhea and Lapetus have 
similar distributions implying one common impactor 
population bombarded these two satellites. The 
populations for Mimas and Dione are different from 
Rhea and Lapetus, but are similar to one another, 
possibly implying another impactor population common 
to those two satellites. When compared to Rhea and 
lapetus, Mimas and Dione contain more numbers of 10- 
30 km craters but less numbers of 30-80 km craters, 
suggesting the heliocentric comets as the most likely 
impactors for the Mimas and Dione, while the 
planocentric debris dominated Rhea and lapetus. On the 
other hand, Tethys display the crater record resembling 
all the above, suggesting the transitional impactor 
population. When the crater population in the heavily 
cratered terrains of these satellites are compared with the 


by Cassini), which is one of the icy saturnian satellites in the outer 
Solar System (Image credit: NASA/JPL-Caltech/Space Science 
Institute). 


Impact craters are also present on the Uranian Satellites 
(Umbriel, Oberon, Miranda, Ariel, Titania) as seen by 
Voyager spacecraft. Because of poor image coverage and 
low-resolution of the images, the crater population has 
not been completely mapped for these satellites. Umbriel 
(1170 km diameter) displays large craters as wide as 400 
km with morphologic characteristics typical of impact 
structures. Titania (diameter 1578 km), which is the 
largest uranian satellite, is covered with craters, whose 
diameters rarely exceed 40 km. The general absence of 
larger craters on Titania may indicate that the satellite has 
been extensively resurfaced. However, a few possible 
impact features as big as 400 km have been identified. 
1522 km diameter Oberon is covered by large (+40 km) 
craters. Some large impact structures on Miranda and 
Ariel were also speculated. Triton is a moon of Neptune; 
about 100 probable craters wider than 5 km, and 21 
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craters wider than 10 km on Triton have been observed 
using Voyager images. The estimated cratering rate on 
Triton by ecliptic comets provides an upper limit of ~50 
Ma on the age of the more heavily cratered terrains, and 
of ~6 Ma for the Neptune-facing less cratered terrain. In 
conclusion, the study of impact records of the outer Solar 
System is incomplete, and is far from adequate to make 
any generalized observations and interpretations about 
the source of the projectiles, timing of impacts, and 
energy/dynamics of the impact events. Did late heavy 
bombardment affect the outer Solar System, similar to 
the inner Solar System? A convincing answer to this 
question would be extremely enlightening! 
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CRATER CHRONOLOGY: A TOOL FOR 
PLANETARY SURFACE DATING 


Introduction 


How do we know that Mars had recent volcanism? 
Alternatively, how old is a feature on the Moon? In the 
absence of rock samples from these distant locations 
(except from few sites on the Moon) these questions are 
answered on the basis of relative age dating of planetary 
surfaces by determining impact craters density in an area. 
“Impact” is a fundamental geologic process and the 
resulting impressions “impact craters” are common 
geological features found on the surfaces of various 
planetary objects and are ubiquitous throughout the solar 
system. For using impact crater density as a 
chronological tool it is essential to understand 
beforehand the origin of the impactors and the variation 
in their flux since birth of our solar system. Our solar 
system evolved from dust and gas which condensed to 
form small mm sized bodies. These small bodies collided 


to give rise to m-km sized planetesimals by a process 


Nectaris (3.90 Ga) 


Imbrium (3.85 Ga) 


Orientale (3.82 Ga?) 


Late Heavy Bombardment 


Impact Mass Flux (kg/years) 


45 40 35 30 a5 28 
Age (10° years ago) 


Figure 1: Variation of impact flux on the earth 
with time. Solid Line: exponential decay in flux; 
Dotted curve: LHB event. Source: (Tajika E. 
2008 -modified after Koeberl 2006) 


known as accretionary growth wherein the particles 
collide and coalesce with each other to form a larger 
planetary body. These Km sized bodies continued to 
collide resulting in the formation of giant sized planets. 
Therefore, it is evident that the population of impactors 
was enormous during the early phase of the development 
of our solar system and the flux reduced with time (Fig. 
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1). The issue is, whether the decay was uniformly 
exponential (shown by solid line in fig. 1) or there was a 
spike in the impact mass flux around ~ 3.9 b.y. as 
suggested by clustering of the radiometric ages of lunar 
basins (derived from lunar samples) around that time. 
This inferred spike in the impactor’s population is 
popularly termed as cataclysm or Late Heavy 
Bombardment (LHB) and is shown by dotted line in the 
fig. 1. Though this theory of cataclysm is debated, at 
present due to lack of additional data the LHB theory is 
well accepted. It is understood that most of the impactors 
causing LHB were derived from the asteroid belt around 
3.9 -4b.y. Nearly 4.5 b.y. ago, when our solar system 
formed the various planetary bodies conformed to orbits 
quite different from their present ones. Possibly, due to 
the gravitational forces in the young solar system these 
objects migrated to their current position around 4 b.y. 
triggering LHB. Thus, a major phase of impact cratering 
event in our solar system was possibly driven by LHB 
event. Thereafter, flux of the impactors, mostly derived 
from the asteroidal belt for the terrestrial planets has 
remained almost constant. Thus we have broadly two 
populations of impactors, the one’s that visited during the 
period of LHB and the ones thereafter. 


Relative age dating of planetary surfaces in contact with 
each other is dependent on Law of order of superposition 
such that the older surfaces have higher crater density 
compared to the younger surface. For e.g., from fig. 2, it 
can be inferred that the smooth lunar maria plains are 
relatively younger compared to the intensely cratered 
highlands in the adjacent areas. Where the contact is 
absent or for non-contacting surfaces mainly, the relative 
crater density and in some cases, the preservation of 
morphology of the surface features is the commonly used 
criterion for determining the sequence of their formation. 
Further, to assign absolute age to an unknown surface on 
the Moon, a calibration between radiometric ages of 
Apollo and Luna rock samples from known provenances 
on the Moon and the corresponding crater density in the 
area have been established. This technique, though 
developed on the Moon as the test site, has been 
extrapolated to derive surface ages of other planetary 
bodies in the solar system through suitable assumptions 
and theoretical considerations (e.g., Ivanov et al., 2002). 
Thus, it is apparent that “Crater Chronology”, is a 
powerful tool for dating distant surfaces from which 
samples are not available. 
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Crater Chronology 


Apollo and Luna landing sites 
Lick Observatory 
Photograph 


Figure 2: Near side of the Moon, showing 
younger smooth mare plains compared to the 
heavily cratered old highland surfaces. Also 
marked are sites from where lunar samples were 
brought and have been used for calibrating SFD 
for deriving absolute ages 


Basic Assumptions: Here we mention the fundamental 
assumptions for carrying out crater chronology studies. 
These are: 


1. The particle flux is constant over the entire lunar 
surface 

2. The frequency of the craters produced by the 
imapctors can be measured with respect to the size of the 
craters and 

3. The area of interest to be dated is a homogenous unit. 


The Technique: 

As described by Michael and Neukum (2010), the 
concept for Crater Chronology involves fitting the 
observed crater size-frequency distribution (CSFD) of a 
surface unit to a known production function (PF), and to 
use the crater frequency for certain crater sizes together 
with a calibrating chronology function (CF) to obtain an 
absolute age. Therefore, to measure the age of a lunar 
surface unit, cumulative crater size frequency distribution 
normalized to a unit area is plotted and the production 
function is shifted until it fits the data points thus 
enabling a read out of the cumulative frequency at a 
standard crater diameter. This cumulative frequency 
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N(Ke 2 


value, say for crater of D = 1 km, is used to obtain the 
model age from the chronological function 


Thus, the crater chronology technique for an area is 
executed in the following sequence: 

1. Determination of Crater size frequency distribution 

2. Fitting Production function 

3. Estimating age from Chronology function 


a. Crater Size Frequency distribution: The size 
frequency distribution (SFD) of craters quantifies the 
number of craters per unit area as a function of crater 
size. The size of the crater (generally diameter) and the 
frequency of the crater distribution (number of craters per 
unit area) on the surface are the two basic parameters that 
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Figure 3: A cumulative crater size frequency 
distribution (CSFD) of Mare Serenitatis 
(Source: Neukum, 1984) 


control the crater density of a particular surface. In order 
to establish SFD plot (e.g. Fig. 3), the craters on the 
surface are counted taking care of the earlier mentioned 
assumptions and cumulative crater frequency is plotted 
against the crater diameter in logarithmic scale. The 
craters are counted manually or automatically (using 
crater detection algorithms) on digital images using 
image processing / GIS software. Various tools have 
been developed in GIS environment during recent times 
to facilitate accurate crater counting. The ArcMap toolbar 
“CraterTools” is a popular such tool commonly used for 
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crater chronology. The minimum size of the crater map- 
able on the surface depends upon the type of the 
geological features, quality of the image (high angle/low 
angle and its spatial resolution) and the processes 
modifying the crater population in different size ranges 
(discussed in section 3). 


b. Production function: Numerous studies of the 
cratering records in the solar system have been carried 
out till date to understand the actual form of the SFD of 
impact craters formed on a fresh geologic surface but a 
precise form still eludes the workers at least partly due to 
scarcity of sufficient large sized _ freshly 
produced/uniform surfaces. The planets have complex 
cratering history where crater production and degradation 
occur simultaneously. However, Neukum and Hartmann, 
developed separate 
production functions which describes formation of 
number of craters of a particular size in relation to the 


with generalized outcomes, 


number of craters of any other size. In this article, we 
describe Neukum Production Function. Neukum worked 
out a polynomial fit to the cumulative number of craters, 
N per sq. km. with diameters larger than a particular 
diameter D. For the time period of 1 Ga, N(D) may be 
expressed as: 


u 
logio(N) = dy + Ya, [log,)(D)]" Here, D is in 
km and N is the 
number of craters with diameters >D per km’ per Ga. 
This equation is valid for D = 0.01 km - 300 km. 


n=! 


c. Chronology Function: After accomplishing plotting 


Crater Density at D = 1km (km*) 


Terrestrial Phansrozic Craters® 
[Grieve and Dence, 1979] 


Age (Gyr) 


Figure 4: Standard chronology curve represented by 
solid line (Neukum 1983 and Neukum and Ivanov 
1994). 
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of the production function with respect to the diameter of 
the craters mapped, the Production function for 1km 
diameter crater is derived from the SFD plot and that 
value is substituted in the following equation to calculate 
the age of the surface mapped. 


N(1) = 5.44x10* [exp(6.93 T)-1] + 8.38x10~ T 


Here, N(1) is the cumulative crater frequency per km” at 
D=1 km and T is the crater accumulation time (crater 
retention age) T in Ga. Standard chronology curve is 
shown in Fig.4. 


Other factors affecting SFD 

Various endogenic and exogenic factors affect crater 
counting and thereby affecting crater size frequency 
distribution on the surface of a planetary body. These 
include: 


a.Magmatic Flooding: After eruption, lava flows can 
obliterate the small craters, partially bury crater of 
intermediate sizes, and have little effect on the largest 
craters. Thus, a count of large craters in an area gives the 
relative age of the older basement rocks, whereas, a count 
of the small craters gives the exposure age of the present 
surface. Due to this affect, the crater size distribution 
shows irregularity when a major magmatic flooding 
occurred in an area during its geologic history. A flatter 
behavior in the SFD is observed when successive 
flooding occurs with small time intervals between two 
events. 


b. Ejecta Blanketing: When a fresh crater is formed on 
the planetary surface, it throws material from the point of 
impact radially outward and away from the crater, 
forming huge eject blanket, which depends upon the 
impactor velocity and also on the target characteristics. 
These ejecta material can blanket their surroundings up 
to hundreds of meter in height depending on the distance 
from the crater formed. Thus, they could bury previously 
formed craters and as a result show anomalous SFD 
behavior. 


c. Secondary Cratering: When a fresh crater forms, a 
clouds of debris constituting dust-sized particles to 
objects up to a few percent the size of the original 


impactor is thrown. These larger chunks of material are 
ejected outwards from the crater and on fall back they 
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form their own | 
craters. These are 
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Figure 5: A lunar image showing 
chain of secondary craters 


they are shallower, elongated in shape, form in chains or 
in cluster and usually flatter than primary ones. During 
crater counting, these should be identified and removed 
from the database. 


d. Superposition, abrasion and infilling: Superposition 
results, if a crater forms on an already cratered surface 
and if its size is greater than the crater population 
underneath, the newly formed crater will destroy the 
details of the earlier formed craters. The abrasion of 
craters is directly proportional to the age of the crater and 
is inversely proportional to the crater diameter. Infilling 
of the craters by the impact melt formed or ejecta from a 
freshly formed crater also destroys the details of the 
previously formed craters. All the three processes mostly 
affect the smaller sized craters and the crater size 
distribution approaches a state of equilibrium and its 
frequency is inversely proportional to the square of the 
diameter of the crater. 


e. Mass wasting: It refers to landslide activity on slopes 
mostly due to formation of craters. The process can 
severely affect crater density in an area. Given a choice, 
the slopes are generally not considered as congenial 
locations for crater counting. 


f. Presence of volcanic crater: Volcanic crater occurs 
frequently in the lunar rills and grabens and should be 
avoided. In contrast to impact craters they are generally 
non-circular in shape, show subdued appearance, broken 
rims etc. 
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Concluding Remarks: 

The crater chronology technique thus helps us to find 
absolute ages of the planetary surfaces of the solar 
system through remote sensing. High-resolution satellite 
images such as TMC (Chandrayaan-1) and LROC-NAC 
(LRO) from Moon and HiRISE from Mars etc., have 
been recently made available. In accordance, many image 
processing and GIS based techniques are being 
developed (e.g., Kneissl et al., 2011) to precisely count 
the craters in a specific area of interest and to find the 
absolute age of that surface. The availability of high 
resolution datasets has also given an opportunity to 
improve upon and revise the existing production 
functions. Before the crater counting task of a specific 
area is undertaken, it should be ensured that surface to 
be dated does contain only primary craters. There should 
be no relic and ghost crater from an underlying older unit 
in the measurement. Secondary and volcanic craters are 
also eliminated, the area of measurement is determined 
accurately and the size of craters is measured with high 
precision since the exponential size frequency 
distribution dependence amplifies small error in diameter 
as large error in crater density per unit area. 
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Is Interstellar Space Travel Possible? 


Recently, India had successfully launched Chandrayaan - 
1 a mission to Moon. A second mission to Moon is 
already in the offing and there are plans for sending 
probes to other planets, e.g., Mars. Perhaps in a decade or 
so India may achieve a manned landing on the moon. 
After that, one could imagine manned trips to Mars. 
Other countries are also planning such expeditions. As 
for the Jovian planets like Jupiter or Saturn, manned 
missions if any, will have to have bases on one of their 
satellites, e.g. Ganymede or Titan, as the planets 
themselves are all gaseous, lacking a solid surface to 
make a landing. 


This begs a question: Could man possibly ever travel to 
distant stars to visit some exo-planets, perhaps in a 
habitable zone, to possibly encounter some 
extraterrestrial life? Of course the distances involved are 
immense. The nearest star outside the solar system 
(Proxima Centauri) is as many times (~a hundred million 
times) farther than the moon, as the latter is compared to 
distance between adjacent rooms (~4 m) in a building. 
From a simple logic one could then expect that going to a 
star will at least be as much more difficult than going to 
Moon as the going-to-Moon has been with respect to that 
walking just next door within an office building. With the 
maximum speeds achieved so far by the space ships 
within the solar system it will require about 85,000 years 
to reach this nearest star. Thus, it may not look possible 
to reach other stars within a human lifetime, although on 
a theoretical basis theory of relativity would allow one to 
do so. For example, a spaceship accelerating constantly 
by a convenient value ‘g’, that is the acceleration that we 
are used to on the surface of Earth, could travel to the 
most distant parts of the universe within a human 
the 
speed of light. In principle, interstellar travel may thus 
appear possible. 


lifetime, without violating the speed-limit of ‘c’, 


However, energies involved in such an endeavour would 
make it next to impossible. In a space ship the fuel 
needed for the later parts of the journey has to be carried 
aboard and thus also needs to be accelerated till it is 
utilized. Therefore, the initial mass at the start of the 
journey is much more than the actual payload. With 
conventional chemical fuel, such an arduous journey will 
need a fuel-mass of a whole galaxy, as we will show 
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later. Even within the best possible scenario where 
almost 100% of mass is converted into energy (in a 
typical thermonuclear reaction only about 0.7% of mass 
is converted into energy) one would require initial mass 
to be millions of times the mass of the final payload and 
the energy which required may be worth 200 years of 
total energy consumption of the whole world. If we 
imagine that the energy is beamed from power plants on 
Earth to the space ship, it will again require many 
hundred million megawatts of power throughout the 


duration of such a trip, which might last for a very long 


Figure 1: The plaque aboard Pioneers 10, carrying the 
message to stars 


time. It therefore looks that at most, we might travel to 
other planets within our solar system but the distant stars 
will ever remain a distant dream only. 


In this article, we ignore the technical aspects of the 
mission as technology is bound to improve rapidly over 
time. We carry forth the possibility of such an endeavour 
without delving into many other equally important issues 
such as the long-term effects of cosmic radiation on the 
health of space travellers and their requirements for food, 
medical and other life-sustaining needs. We consider 
mainly the minimum basics of the travel, which are 
distance, time and energy. 


The story so far 


Till date there have been five spacecrafts that have 
crossed the threshold of escape velocity from the solar 


system and four of them are already headed towards the 
interstellar space. 
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Pioneer 10 was launched in 1972, flew past Jupiter in 
1973 and became the first spacecraft to achieve escape 
velocity from the solar system. The contact was lost in 
January 2003 and is heading in the direction of 
Aldebaran in Taurus. Pioneer 11 was launched in 1973, 
flew past Jupiter in 1974 and Saturn in 1979. The contact 
was lost in November 1995. The spacecraft is headed 
toward the constellation of Aquila. 


Pioneer 10, as well as Pioneer 11, carry gold-anodized 
aluminum plaques in case either spacecraft is ever found 
by intelligent life forms from another planetary 
system. The plaques feature the human figures along 
with several coded-symbols that are designed to 
provide information about the origin of the 
spacecraft. 


The content of the message should be clear to an 
advanced extraterrestrial civilization, which will 
have, of course, the entire Pioneer 10 spacecraft 
itself at its disposal to examine as well. But being 
the product of billions of years of independent 
biological evolution, they may not at all resemble 
humans, nor may the perspective and line-drawing 
conventions be the same there as here. The human 
beings will perhaps be the most mysterious part of 
the whole message for them. 


Voyager 1 was launched in September 1977, flew past 
Jupiter in 1979 and Saturn in 1980, making a special 
close approach to Saturn's moon Titan. Voyager 2 was 
launched in August 1977, flew past Jupiter in 1979, 
Saturn in 1981, Uranus in 1986, and Neptune in 1989. 
Both probes have passed the heliosheath, the region 
where the solar wind is slowed, compressed and made 
turbulent by its interaction with the interstellar medium at 
distance 80 to 100 astronomical units (AU), and continue 
exploring where nothing from Earth has flown before. 
They will continue to explore the boundary between the 
Sun's influence and interstellar space and are expected to 
return valuable data for at least another decade. Since the 
Pioneers were launched first, they had a head start on the 
Voyagers, but because they were traveling slower 
Voyagers eventually overtook them. 


New Horizons, launched in 2006, made a flyby of Jupiter 


in 2007, and will make a flyby of Pluto in 2015. New 
Horizons was launched with the largest-ever launch 
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speed for a man-made object. It will, however, slow 
down to an escape velocity of only 2.5 AU per year as it 
moves away from Sun, and it will never overtake the 
Voyagers. 


The Pale Blue Dot 


The pale blue dot is a photograph of planet Earth taken in 
1990 by the Voyager 1 spacecraft when the spacecraft 


Figure 2: A panoramic (!) view of our Earth from space. 


reached about Pluto’s distance [1i.e., ~ 6 billion km, or 40 
AU]. This is the photograph (Fig. 2) of the earth taken 
from the farthest distance till now and it appears like pale 
bluish dot [the faint brown band is due to the reflection 
of sunlight from camera optics]. If it could be 
photographed from the distance of our nearest star 
[Proxima Centauri], its diameter would appear about 
7000 times smaller and would be about 50 million times 
fainter! 


This picture is very significant as a perspective on our 
place in the cosmos as our blue planet literally pales into 
insignificance within the larger scheme of things. And 
this is the only actual image of Earth ever seen by 
anybody from such a vantage point. It is both a 
chastening and humbling realization for us humans that 
our huge planet is such a tiny speck of dust seen from an 
outpost (Pluto!) of our planetary system. 


The cosmic distances involved 


The main challenge facing interstellar travel is the vast 


distances that have to be covered, requiring very high 


Volume -3, Issue-1, January 2013 


speeds as well as long travel times. The latter make it 
particularly difficult to design manned missions. 


Cosmic object Distance from Earth 


Moon 384000 km = 1.3 light secs 


Sun 150 million km = 500 light secs 


Proxima Centauri 4.2 light years 


Orion Nebula 1300 light years 


Centre of Milky-way | 25,000 light years 


Andromeda Galaxy 2 million light years 


Size of Universe! 14 billion light years 


Table 1: An idea of the distances involved. 


How far can a manned mission travel from Earth? 


Assuming one cannot travel faster than light, one might 
conclude that a human can never make a round-trip 
farther than 20 light years, assuming the traveller is 
active between the ages of 20 and 60. Thus one would 
never be able to go beyond a few star systems which 
exist within the limit of 10-20 light years from Earth. 
Even if we design a spaceship that can travel at 0.99c, 
interstellar travel beyond the nearest stars 
impossible. 


seems 


To survive for long years on a spaceship, a gravity of lg 
would have to be maintained. This could be achieved if a 
rocket continuously accelerates by this amount. Since we 
also plan a return journey from the source, we divide our 
journey into four separate stages. In the onward Journey 
while the spaceship is moving towards the star it will be 
accelerated in the first half of the journey, while in the 
second half it will have to be decelerated. In the same 
way for the return Journey, it will have to be accelerated 
in first half and then decelerated in the second half of the 
journey. 


Effects of the relativity: the time dilation 


A constant acceleration of 1g for a year would bring the 
speed of spaceship approximately close to ‘c’. Thus 
relativistic effects of time dilation would have to be taken 
into consideration. We know that time passes relatively 
slower by a relativistic factor V [1-(V/c) ] on a frame of 
reference moving with a velocity V. 
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Detailed calculations show that by the time the space 
ship lands back on Earth, the time that would have 
passed on Earth (T.) would be related to that passed on 
the space ship (T,) by T. = 4c/g [sinh (gT, Ac)| and the 
maximum distance of the reachable destination will be 
given by x = 2c’/g [cosh (gT; / 4c)-1], a factor of 4 in 
these formulae appears because of the four stages of the 
journey. 


Table 2 gives us an idea of the time dilation involved 
from the total duration and distance reached in a round 
trip, involving a constant acceleration of 1g for the crew. 
A future spacecraft, using technologies that we have not 
even dreamed of, may use an engine that could sustain a 
constant acceleration of 1g. 


Time on Time on Earth Distance 
spaceship (years) reached 
(years) (light years) 
1 1.04 0.065 
2 2) 0.27 
5 6.7 1.9 
7 12 Al) 
10 26 11 
15 95 46 
20 345 170 
25 1,250 625 
30 4,500 2,250 
40 60,000 30,000 
50 780,000 390,000 
60 10,000,000 5,000,000 
90 24,000,000,000 12,000,000,000 


Table 2: Time and distance relation 


Traveling even at the speed of light, on earth-time 
visiting the stellar nursery in Orion nebula would require 
at least 2600 years, while a cruise to the centre of our 
Milky-way galaxy will take more than 50,000 years, and 
around trip to Andromeda, the nearest spiral galaxy, will 
need at least 4 million years. But due to the relativistic 
time dilation, for the traveler the time spent could be 
much smaller. With a lg engine, a vacation trip to 
Andromeda may be possible within a human lifetime! 
For those astronauts, however, returning back home is 


out of the question. Back on Earth, millions of years 
would have passed and entire civilizations would have 
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come and gone, while the astronauts who left in their 20s 
would be still in their 80s. 


Table 2 gives travel times for an astronaut himself, 
traveling in such a lg constant acceleration rocket, for 
various distances covered as seen from the earth and the 
time lapsed on the earth. 


The rocket equation 


If the fuel needed for the journey has to be carried aboard 
it also needs to be accelerated until it is utilized. 
Therefore, the initial mass at the start of the journey is 
much more than the actual payload. This is given by the 
rocket equation, which gives the final reachable speed V 
as a function of the exhaust speed u of gas/ion/light 
emission and M, the ratio of the initial mass (payload + 
fuel) to the final mass (only payload). From the 
momentum conservation we have, 


dM/dt u=M dV/dt, or 
V =u InM. 


The logarithmic function makes the required mass ratio 
increase very fast with V/u. 


For example, 
M =10 for V=2.3 u, but 
M = 10" for V=23 u. 


Thus, to obtain a final speed, V close to ‘c’, it is 
necessary for u to be of the order of c as well, otherwise 
the required mass ratio will be prohibitively large. 


In a relativistic case the rocket equation becomes 
Wewi-M“)/(1+M~”), oF 
M =[(1 + V/c)/(1 - We) |". 


For u<<c, it reduces to the familiar non-relativistic 
equation.. 


The acceleration of the rocket would be given by, 
g = thrust of the rocket / total mass of the rocket. 


Now, the thrust of the rocket equals the exhaust mass 
flow times the exhaust velocity; and the needed power of 
the engine equals the mass flow times one-half the square 
of the exhaust velocity. From that we get, 
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P=gua 


where P is the ratio of the power of the engine to the total 
mass of the rocket. For a relativistic exhaust speed (u ~ c) 
it becomes 


[2 = (6) (C- 


If at the maximum speed achieved so far by any 
spaceship we are able to make a return trip to the moon 
within half a day, a similar trip at this speed to Proxima 
Centauri, the star nearest to our solar system, will take 
about 85,000 years which is over 3,000 human 
generations, and this is also roughly the time that has 
passed since the homo-sapiens (humans) first came on 
the scene. One can thus conclude that in order to reach 
these interstellar destinations, one would have to travel 
much faster, in fact with speeds close to that of light, c, 
which is the maximum attainable speed for any object. 
Otherwise, such a trip would be unimaginable. And to 
get close to c, we need alternative fuels. 


Various rocket concepts 


Till now the chemical energy being used comes from a 
mixture of liquid oxygen and hydrogen, which yields 100 
MJ (Mega Joules) per kg of fuel. The highest efficiency 
is achieved if the end products of the chemical reactions 
themselves can be expelled for propulsion with the 
energy produced. Then one will get an exhaust speed of 
u=14 km/s. Reaching a modest maximum final value of 
one thousandth of the speed of light, which means at 
least 8500 years of travel time for a return trip to 
Proxima Centauri, will itself need such a high mass ratio 
(~1.6 x 10°’), that a ten ton payload (a minimum from 
any standards) will need a fuel mass of a whole galaxy. 
Not at all a viable possibility, considered from any angle. 
Perhaps nuclear fuel might be a better option. 


Nuclear fuel - fission or fusion? 

Uranium yields about 6.5 x 10’ MJ/kg of energy through 
fission, or about a million times better than the chemical 
reactions. In this case, we could get an exhaust velocity 
u=12,000 km/s. We could possibly increase V to 0.1c, 
using a mass ratio of 12. But considering the 4 stages of 


the journey, a mass ratio of more than 20,000 will be 
needed. A round trip to the nearest star would require a 
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minimum of 85 years of travel time. Relativistic effects 
of time dilation would be insignificant at such speeds. 
Fusion could provide ten times more energy per unit fuel 
mass. Despite the fact that controlled reactions of fusion 
of lighter nuclei have not been possible to establish, we 
can imagine that the technology required for it could be 
developed in the years to come. Banking on this 
assumption, one could propose the energy required by 
the trip to be given by the fusion of lighter nuclei. 


We could show that in fusion an exhaust speed of c/8 
may be possible, and that we could obtain a top speed of 
0.3c, requiring a mass ratio of 15,000 for a return 
journey. At these speeds a round trip to the nearest star 
would require a minimum of 28 years of travel time, just 
within the possible limits. Of course, a ten ton payload 
will mean 150,000 tons of hydrogen to be carried aboard 
and to be converted into helium and propelled behind 
during the journey. This will be ~10'’ MJ of energy, 
which is 200 years worth of total energy consumption (5 
x10'* MJ for the year 2010) of the whole world! 


Hence higher exhaust speeds and thereby lower mass 
ratios are needed for any realistic travel to a star, and 
using fission or even fusion for the energy of locomotion 
is not promising and interstellar space travel would be 
very much inhibited if we were to depend on only these 
modes of energy. 


Antimatter rockets: 

An antimatter rocket would have a far higher energy 
density and specific impulse than any other proposed 
class of rocket. When matter and anti-matter is made to 
fuse, the entire mass gets converted to radiation, but the 
technology supporting such a mode of energy production, 
would require matter and anti-matter to be stored at a 
safe distance from each other and to be able to combine 
them, a proper amount, at a proper time in order to be 
able to use the energy which is produced due to 
annihilation. 


The problem, however, is that all of the current methods 
of manufacturing antimatter require enormous particle 
accelerators and produce antimatter in very small 
quantities, and to store antimatter, if we need a ton of 
magnets for one gram of antimatter, the entire idea of a 
lightweight way to store and carry immense amounts of 
energy remains no longer meaningful. Antimatter could 
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nevertheless perhaps find use in interstellar spaceships as 
a way to help trigger nuclear reactions. 


Non-rocket concepts: 


A scoop on the way: 

In a fusion rocket a huge “scoop” could collect diffuse 
hydrogen from the interstellar space and “burn” it on 
flight, using proton-proton fusion reaction and expel the 
fusion product to get the thrust. The idea is attractive as 
the fuel would be collected en route, but all attempts to 
design some kind of a scoop has the unfortunate effect of 
producing more drag than you get back thrust. 


Sailing away: 

Solar sails are a form of spacecraft propulsion using the 
solar pressure, of a combination of photons and solar 
wind from Sun, to push large ultra-thin mirrors to high 
speeds. Comets tails are pushed away from the sun by the 
same mechanism. 


The momentum of a photon or an entire flux is given by 
p = E/c, where E is the photon or flux energy, p is the 
momentum. At | AU the flux density of solar radiation is 
1.36 kW/m’, resulting in a pressure of ~ 4.5 uPa. A 
perfectly reflecting sail with l-sq. km area could thus 
yield a force ~ 9 N, while Sun’s gravitational force on 
one ton mass there is about 6 N. As both the radiation 
pressure and the gravity fall with the square of distance 
from Sun, a 1-ton load attached to a sail of 1-sq. km area 
could get pushed outward by the radiation pressure and 
thus escape the solar system. 


Solar wind on the other hand exerts only a nominal 
dynamic pressure of about 3 to 4 nPa, three orders of 
magnitude less than solar radiation pressure on a 
reflective sail, and would not relatively have much effect. 


A physically realistic approach would be to use the light 
from Sun to accelerate. The ship would begin its trip 
away from the system using the light from Sun to keep 
accelerating. Beyond some distance, the ship would no 
longer receive enough light to accelerate it significantly, 
but would maintain its course due to inertia. When 
nearing the target star, the ship could turn its sails toward 
it and begin to decelerate. Additional forward and reverse 
thrust could be achieved with more conventional means 


of propulsion such as rockets. 
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Laser sails or particle beams: 

Laser sails might be another way to go. Instead of relying 
just on the enormous amount of light given off by Sun, 
laser sails to Proxima Centauri could also ride laser 
beams that earthlings would fire carefully at those ships 
to give an extra boost, especially when sails were too far 
away to catch much light from our Sun. The problem 
with laser sails is that a lot of light needs to be used for a 
long time to get fast enough to get to Proxima Centauri 
within a human lifetime. This means very powerful and 
extraordinarily large lasers are needed in order to focus 
on sails that get farther and farther away. 


An idea similar to light sails could be firing a particle 
beam at a spaceship that would ride that energy. The 
problem with laser beams is that they disperse over 
distance, so we could use particle beams. The beam 
would have to have a neutral electrical charge so as not to 
disperse itself over time. 


Bombs!: 

Another idea for space travel would involve riding 
explosions through space. Such "pulsed propulsion" 
would hurl bombs behind a ship, which is shielded with a 
giant plate. The explosions would push against the plate, 
propelling the ship. Nuclear pulsed propulsion works 
best for really big systems. If we want to send a colony 
of 1,000 people to space, this might be the way to do it 


Some other fanciful ideas 
Interstellar travel by transmission: 


If physical entities could be 
“information", then transmitted and then reconstructed at 


decomposed as 


a destination, travel at nearly the speed of light would be 
possible, which for the "travellers" would be 
instantaneous. However, sending an atom-by-atom 
description of (say) a human body would be a daunting 
task. Extracting and sending only a computer brain 
simulation is a significant part of that problem. "Journey" 
time would be the light-travel time plus the time needed 
to encode, send and reconstruct the whole transmission. 


Generation ships: 

A “generation ship” is a kind of interstellar ark in which 
crew that arrive at the destination are descendants of 
those who started the journey. Generation ships are not 
of the difficulty of 


currently feasible, because 
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constructing a ship of the enormous required scale, and 
the great biological and sociological problems that life 
aboard such a ship raises. 


Suspended animation: 

Scientists and writers have postulated various techniques 
for suspended animation. These include human 
hibernation and cryonic preservation. While neither is 
currently practical, they offer the possibility of sleeper 
ships in which the passengers lie inert for the long years 
of the voyage, hopefully without many after-effects. 


Other difficulties of interstellar travel 
Ex-communication! : 

The round-trip delay time is the minimum time taken for 
to-and-fro communication between the probe and Earth. 
For Proxima Centauri this time would be 8.5 years. Of 
course, in the case of a manned flight the crew can 
respond immediately to their emergencies. However, the 
round-trip delay time makes them not only extremely 
distant from but, in terms of communication, also 
extremely isolated from Earth. In fact, the 
communication issue could become the biggest problem. 
How will the people born in an interstellar colony 
identify themselves with no attachment to Earth? Will 
they not feel literally excommunicated from Earth? 


Hard-hitting interstellar medium: 

A major issue with traveling at extremely high speeds is 
that interstellar dust and gas may cause considerable 
damage to the craft, due to the high relative speeds and 
large kinetic energies involved. A robust shielding 
method to mitigate this problem would be needed. 
Larger objects (such as macroscopic dust grains) are far 
less common, but would be much more destructive. The 
risks of impacting such objects, and methods of 
mitigating these risks, will have to be adequately 
addressed. 


Manned missions: 

The mass of any craft capable of carrying humans would 
inevitably be substantially larger than that necessary for 
an unmanned interstellar probe. The requirements for 
food, water, medical and other life-sustaining needs of 
the crew will literally put huge burden on the mission. In 
the case of interstellar missions, given the vastly greater 
travel times involved, there will thus be the necessity of a 


closed-cycle life support system, which would last over 
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decades. In generation ships, will there be a large enough 
gene pool for healthy future generations? There will be 
the ethical 
“condemned” to a life-time of journey in which he or she 
may have no choice whatsoever. Then there is the 


questions — should a new-born be 


possibility that the new generations aboard might change 
their mind and abandon the mission or go elsewhere, 
keeping no contact with Earth 


A Hypothetical Journey 


Though recently an earth-size planet has been found 
orbiting around a-Centauri B, but it is estimated that it is 
too close to the parent star and would be very hot and 
perhaps not habitable. It is estimated that to visit a 
habitable planet and hopefully encounter some 
extraterrestrial life we may have to probe stars up to 
about 12 light years. Let us make a hypothetical return 
trip to such a distance, with the crew always under an 
acceleration of 1g. Then with top speed reaching 0.99c 
midway point of the journey, it will take 28 years of the 
earth time, but the traveler would age by only about 10 
years. For nuclear fusion, the best possible exhaust speed 
is u=c/8, then the relativistic rocket equation gives us a 
mass ratio M ~ 1.6 x 10° to reach 0.99c, while for matter- 
antimatter (with an exhaust speed of c) the mass ratio is 
M = 14. However, if we consider the deceleration and the 
return journey as well, the mass ratio for nuclear fusion 
case becomes M ~ (1.6 x 10°)’ ~ 6.6 x 10°°. So for a 10 
ton payload we will need a fuel mass of ~ 6.6 x 10° gm, 
that is, about 33 billion suns or the mass equivalent of 
one-third of our galaxy. With matter-antimatter the mass 
ratio is M = (14)* = 40,000, implying 200,000 tons of 
matter and a similar amount of antimatter. For the early 
part of the journey, we will need ~1.2 x 10'* MW, about 
seven times more than the radiation that Earth receives 
from Sun. But with all that in gamma-rays, our problem 
will be not only to shield the payload but also to shield 
Earth. Not a very promising scenario! 


“Could we?” Or “should we? 

So far no one has created technology that is widely 
agreed upon as capable of caring for or preserving 
humans across the lifetimes it might take to get to 
Proxima Centauri.; so it might easily take more than one 
lifetime to reach the star system?. If that is so, mission 
designers might have to take procreation and family into 
account so that offspring of the original crew would get 
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properly educated and trained to manage the ship in due 
course. 


Thus a trip to our nearest star requires not only ingenious 
methods of propulsion and a minimum of decades en 
route, but also a sophisticated system of life support for 
the human crew to survive the journey. Not only the 
costs and difficulties are almost insurmountable, but they 
would also require almost unparalleled public and 
governmental support. The ultimate question then might 
change from “could we?” to “should we?” 


Here we restricted ourselves to consider travelling only a 
few lights years within the reach of our own Solar 
System. Even if the constraints imposed by the 
technology are ignored, the requirement of energy plays a 
huge constraint by itself. A huge amount of fuel would 
have to be put to use for such an endeavour and many 
generations of earthlings would have to work on such a 
project. 


There is a very strong likelihood that the mission would 
fail due to many other factors. We have ignored the 
requisites of food and water and other medicinal 
requirements for the crew. There is also the effect of the 
harmful radiation such as cosmic rays and impacts with 
other larger bodies. What if some deadly disease strikes? 
It is unlikely that living beings will be able to survive 
such ordeals for time periods of the order of decades. 


Further we have not even considered the time and 
resources needed for possible research and conduction of 
experiments at the place of the destination, without 
which such a trip would not be of much advantage to us, 
anyway. 


Conclusion: 


Taking these severe limitations into account, we can 
conclude that space travel, even in the most distant 
future, will remain confined to our own planetary system, 
and a similar conclusion will hold forth for any other 
civilization, no matter how advanced it might be, unless 
those extraterrestrial species have life spans order of 
magnitude longer than ours. Even in such a case, it is 
unlikely that they will travel much farther than their 
immediate stellar neighborhood, as each such excursion 


will exhaust the resources of their home planet so much 
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that those will dwindle rather fast and there might not be 
much left for the further scientific and technological 
advancements. So, the 
“Galactic Empire” may ever remain in our fantasies only. 
And as for the mythical UFOs, whose quiet appearances 


science-fiction fancy of a 


do get reported in the press once in a while, recent 
explorations have shown no evidence that any such thing 
could have an origination within our own solar system 
itself. And a ‘quiet trip’ back and forth from a distant star 
is almost impossible as the exhaust in any such trip will 
dazzle the sky like another sun or perhaps more like a 
gamma ray burst occurring but not in a distant part of the 
universe instead going off right in our own solar 
backyard. 
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Detection and confirmation of water on Moon has been 

one of the prime goals of the recent missions to Moon. 

Several orbital missions have indicated that the 

permanently shadowed regions of Moon can have 
deposits of ice. Following the discovery of 
surficial hydroxyl by M° onboard 
Chandrayaan-1, the immediate mission to 
confirm the presence of water on MOON was 
Lunar Crater Observation and Sensing 
Satellite (LCROSS) — a planned impactor of 
Lunar Reconnaissance Orbiter (LRO) 
mission. LCROSS, a spent centaur stage of 
LRO was supposed to confirm and quantify 
the presence/absence of water ice in a 
permanently shadowed lunar crater (PSR) 
and also spot the probable reason for 
hydrogen signatures spotted at the lunar 
poles. To accomplish its goals, LCROSS, 
essentially a centaur rocket, was made to 

impact on a pre-defined Cabeus crater (84.9°S, 35.5°W) 

near the lunar South Pole after performing a number of 

maneuvers. LCROSS was the first mission to carryout 

an in-situ study of the pristine PSRs. LCROSS 

; excavated the 

dark floor of 

“Cabeus” 

crater 

throwing out 

debris, water 

vapour and 

ice. The 

impact 

material 

ejected due to 

impact were further analysed for the presence of 

hydrated minerals. 


Launch and Mission: LCROSS consists of two main 
components, the Shepherding Spacecraft which guided 
the rocket to the selected site and the Centaur upper 
stage rocket which was launched with the LRO on June 
18, 2009. Initially all the three were connected to each 
other, but gradually LRO separated an hour after the 
launch. The Shepherding spacecraft guided the Centaur 
rocket through multiple Earth orbits before separating to 
impact on the Moon at a very high velocity, which 
resulted in a big plume of lunar debris. At the same time, 
the Shepherding spacecraft, equipped with scientific 
instruments including cameras, took pictures of the 
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rocket’s descent and impact onto the Moon. After that, 
the spacecraft followed almost the same path as that of 
the rocket, descending down through the plume and 
analyzing it with special instruments. 


Payload configuration and design: 


LCROSS consists of two near-infrared spectrometers, a 
visible light spectrometer, two mid-infrared cameras as 
well as two near-infrared cameras intended to determine 
the total amount and distribution of water in the debris 
plume, a visible camera and a visible radiometer to 
measure the flash created by the Centaur impact. The 
basic components of ejecta material were monitored by 
the visible and infrared spectrometers. The visible 
camera was meant to track the impact location and the 
behaviour of the debris plume. 
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GRAIL impact site named after Sally Ride 

The GRAIL twins, Ebb and Flow have successfully 
accomplished their pre-planned impact on the Moon. The 
spacecrafts hit the lunar surface at a speed of 1.7 kmph at 
around 2:28:51 p.m. (PST) and 2:29:21 (PST) on Dec. 
17", 2012. The impact site was named after Sally Ride to 
honour her contributions. 


Cassini spots Titan’s Glow in darkness 

Cassini’s imaging cameras recently witnessed a visible 
glow from Saturn’s Moon Titan. The glow is being 
thought to be caused either by deep-penetrating cosmic 
rays or due to certain kind of chemical reaction in Titan’s 
atmosphere. Cassini has earlier seen airglow produced 
due to excitation of atoms and molecules by sunlight. 


Huygens landing event reconstructed 

The chain of events that might have occurred during 
Huygens probe’s landing on the Titan’s surface has been 
reconstructed by analysing the returned data from 
various instruments that were active during landing. The 
analysis showed that the probe bounced onto a flat 
surface after making a hole (~5 inches deep) at the initial 
touchdown point. Then the probe skidded and wobbled 
few times before it came to rest ~10 seconds after 
impact. 


Early Science results from DAWN presented 
Interesting findings about the giant asteroid Vesta were 
presented by DAWN Science Team at the annual 
meeting of Geological Society of America held at 
Minneapolis, Minn. The findings show presence of one 
of the largest mountains of the solar system at Vesta’s 
Southern hemisphere. Other results reveal that the 
surface of Vesta appears to be much rougher than other 
main belt asteroids. 


Curiosity’s anniversary with full of work on Mars 
NASA’s MSL Rover Curiosity completes one year since 
its launch on Nov. 26, 2011 and busy working at its 
target landing site, Gale Crater. Curiosity drove ~500 
meters and beamed back more than 23,000 raw images. 
On Dec. 10, 2012, Curiosity started approaching a 
slightly lower area called “Yellowknife Bay” where 
Curiosity will take up some rock drilling activity. 


Curiosity tastes first soil sample, instruments busy in 
analysis 

Analysis of its first soil sample by Chemistry and 
Mineralogy instrument (CheMin) indicated that the 
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mineralogy of the Martian soil is similar to weathered 
basalts in Hawaii. On the other hand SAM (Sample 
Analysis at Mars) instrument examines the chemistry of 
the samples delivered to it on Nov. 9, 2012, to find 
whether any life supporting environment exists. Further, 
information about wind and natural radiation patterns on 
Mars is helping scientists to interpret about Martian 
environment and its dynamics. 


Ebb and Flow create most accurate lunar gravity 
map 

Ebb and Flow, the GRAIL twins have created the highest 
resolution gravity map of the Moon. This map will allow 
us to learn about the moon’s internal structure and 
composition in an exceptional detail. 


Kepler in extended mission 

After successfully completing a 3.5 years prime mission, 
Kepler has now started its operations in its extended 
mission, which is expected to be around four years long. 
Kepler has so far detected more than 2300 planet 
candidates and confirmed hundreds of earth-sized planets 
in habitable zone. 


Odyssey switches back with redundant equipment 
Mars Odyssey, longest working orbiter, has resumed its 
work after shifting to a set of new/redundant equipment. 
These equipments were carried as backup and some of 
which were not used since its launch in 2001. 


Mission MESSENGER extended 
Mercury bound MESSENGER will continue its 
operations for one more year. The planned primary 
mission ended on March 17, 2012. 


Radiation Belt mission renamed as Van Allen Probes 
Recently launched “Radiation Belt Storms Probe 
(RBSP)” has been renamed as “Van Allen Probes” in 
honour of the Late James Van Allen. Van Allen probes 
is the first dual-spacecraft mission designed to 
investigate the radiation belts surrounding the earth. 


Opportunity takes a Walkabout of Matijevic hill 
NASA’s long-lived martian rover, opportunity has 
recently surveyed Matijevic Hill outcrop, a site with 
traces of clay minerals, which formed under wet, non- 
acidic conditions that can favour life. Opportunity drove 
354 metres circuit looking for a suitable site for further 
investigations. 
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ISRO STP COURSE ON PLANETARY EXPLORATION 


"Knowledge is never-ending". Apprehending that as the prime driver, Indian Space Research Organisation (ISRO) 
has initiated the structured training program (STP) for the senior scientists and engineers from different ISRO centers. 
For the 2012-13 sessions, thirteen courses have been identified, considering the necessity or demand, for exposing and 
training the experienced scientists from various centers of the organization. During Dec. 19-21, 2012, from the list of 
13 identified courses, a course structured on ‘Planetary Sciences and Exploration’ was conducted at Physical Research 
Laboratory, Ahmedabad. 


The basic objective of this course was to expose and 

familiarize the group of participating scientists to our 

gigantic solar system, its objects, properties, and behavior 

by taking interesting examples from Moon and Mars. 

Altogether, 32 motivated scientist of 'E to G' group were 

nominated from the ISRO centers for participating in the 

course. The science topics that were included in the course 

consisted of evolution of Earth, Moon and Mars, their 

surface and atmospheric interactions and _ behavior, 

confronts in constructing space missions, launch 

capabilities, communication and navigation, and 

challenges in designing of payloads for in situ and orbital 

‘ investigation for understanding the surface and 

atmosphere of planetary bodies. In addition to this, the participants were assigned to complete small project during the 

duration of the course. The project topics were formulated considering different ongoing research activities taken up 

by the experts from ISRO in different fields of planetary and space science. Eighteen invited lecturers participated 

from different ISRO centers, nation-wide. They disseminated and shared their knowledge in the form of presentations 
and guidance for the course and project work. 


On the very first day of the training program, during the first few hours, the 
motivation for exploration of planets was cultivated into the participants. The 
basics about formation of planets, their position in solar system, why do they 
evolve, their properties as compared to Earth and whether there is some 
possibility of habitat on other planetary bodies were explained and discussed 
with examples from Moon and Mars. 


Acquainted with the basics, 
the participants were 
exposed to the nature of 
surface activity that has culminated during the recent past on the 
surface of Moon and Mars. An updated global view based on 
comparative studies of planetary atmosphere, environmental 
variability, magnetosphere, solar wind interaction, and plasma was 
forecasted to the participants, which has together invoked curiosity 
among them for knowing the governing parameters. With the build- 
up of inquisitiveness, one of the lecturers has used this opportunity 
to discuss the basics of gravitation with the participants that are 
essential to understand before navigating towards their second 
home (Mars) and beyond in the solar system. Recognizing in situ approaches for scientific investigation to be more 
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vital for improving the quality of past understanding, the 

complexity involved in reaching the planets and designing the 

miniaturized payloads for scientific measurements were conversed 

with the participants. The information about current capabilities of 

ISRO launch vehicle 'PSLV', which has developed significantly and 

indigenously from the past for launching a satellite to orbit around 

Earth, Moon, Mars and beyond was resourced during the course. 

The multifaceted communication network controlling and satellite 

navigation, which takes up the essence as the satellite enters into 

space after 15-20 minutes of its launch, was elaborated taking its 

design, configuration, and requirements into consideration. The 

important factors that are critically managed for improving the longevity of these space missions was highlighted by 
the expert lecturers and some of the mistakes that lead to failure of missions were subsequently illuminated. The 
recent advancements in approach and know-how, which have emerged from the past, fulfilling great demands, were 
displayed by showcasing the latest technology build-up in the field of orbital remote sensing of planets. 


On all the three days, the six project teams which were framed from the 
course participants were involved in in-depth discussion with their 
mentors to accomplish the project goals. The groups have made a 15 
minutes presentation on the third day, summarizing the work details of 
their project and - =i 
conclusions extracted from 

the topics they were 

involved in. An 

opportunity to visit the 

PLANEX, PRL laboratories was organized for the participants on the 

second day of the course. Some of the laboratories such as Noble Gas 

Mass Spectrometer (NGMS), X-Ray Fluorescence (XRF), Electron 

Probe Micro Analyzer (EPMA) and Payload Development Lab have : 

provided an opportunity to the participants to have a taste of the porplex experiments that have teen en-up in 
planetary science by PLANEX in PRL. 


The closing remark was addressed by the Director of PRL, Ahmedabad, 
where he, on the behalf of organizing committee, has emphasized on the 
usefulness involved in the initiatives taken by ISRO for conducting such 
courses and training program|| He has elaborated on the roadmap for the 
next five years for improving the quality of planetary science research in 
India. A participation certificate was given by Director to all the 

_ participants who have attended this ISRO STP course on ‘Planetary 
Sciences and Exploration’ in PRL, Ahmedabad. 


The course was concluded by taking the participants to visit the 'Science 
City' located in the outskirts of Ahmedabad. The participants had a handful of experiences from this opportunity to 
learn the basic facts and complex theories entailed in the field of planetary sciences and exploration. 
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IAU Symposia on: ''Supernova environmental impacts (IAU 296)" will be organized at Kolkata, India 
during January 7-11, 2013. 

For more details visit:- 

http://www.iau.org/science/meetings/future/symposia/1061/ 


"Characterising Exoplanets: Detection, Formation, Interiors, Atmospheres and Habitability" will 
be held at London, United Kingdom during March 11-12, 2013. Last date of submission is February11™, 
2013. 


For more details visit:- 
http://royalsociety.org/events/2013/exoplanets/ 


"29th National Space Symposium" will be organized on April 8-11, 2013 at Colorado Springs. 
Registration starts from register by Jan. 11, 2013. 
For more details visit:-http://www.exploremars.org/29th-national-space-symposium-8-11-april-2013- 


colorado-springs 


The "44th Lunar and Planetary Science Conference" will be held on March 18-22, 2013 at The 
Woodlands Waterway Marriott Hotel and Convention Center, The Woodlands, Texas. Late date for 
abstract submission is January 8. 

For more details visit :- http://www.l|pi.usra.edu/meetings/Ipsc2013/ 


IAU Symposia on: "Exploring the formation and evolution of planetary systems (IAU 299)" will be 
organized at Victoria, Canada during June 2-7, 2013. Last date for abstract submission is 31 March 
2013. 

For more details visit :- http://www.iau.org/science/meetings/future/symposia/1064/ 


Workshop on "Fifty Years of Seismology of the Sun and Stars' will be organized at Westin La 
Paloma, Tucson, Arizona, USA during May 6-10, 2013. Last date for abstract submission is March 1*, 
2013. 

For more details visit :-http://www.nso.edu/workshops/2013 


Workshop on "Ice and Planet Formation" will be organized during May 15-17, 2013 at Lund 
Observatory, Lund, Sweden. The last date for submitting application form for participating in the 
workshop is February 15", 2013. 

For more details visit: http://www.astro.lu.se/~anders/IPF2013/index.php 


International astronomical union symposium on "Exploring the Formation and Evolution of 
Planetary Systems"' will be organized during June 2-7, 2013 at the Victoria conference centre (VCC) in 
Victoria, British Columbia, Canada. The last date for submission of abstract is March 31%, 2013. 

For more details visit: http://www.di.utoronto.ca/research/iaus-299/ 


Conference on "Origin of Solar Systems" will be organized during June 23-28, 2013 at Mount 
Holyoke College in South Hadley, MA. The last date for submission of application for attending this 
meeting is May 26", 2013. 


For more details visit: http://www.grc.org/programs.aspx? year=2013&program=origins 


"EGU General Assembly 2013" will be organized during April 7-12, 2013 at Austria Center Vienna in 
Vienna, Austria. The last date for submission of abstract is 9" January, 2013. 
For more details visit: http://www.egu2013.eu/ 


Back to Contents 34 


Volume -3, Issue-1, January 2013 


My association with PLANEX started after attending the PLANEX workshop held in Pondicherry in the year 2007. 
The workshop was very well organized covering various aspects of scientific interests which helped me a lot to start 
and built my scientific career. It also gave me a chance to meet many world renowned scientists thus providing a good 
opportunity for scientific discussions. I was quite amazed by the lectures and tutorials given by the experts regarding 
the evolution of the solar system bodies and the space based instrumentation required to study them. Through the 
PLANEX workshop, I joined PRL as a Project Associate in April 2009 and worked on the Solar X-Ray Spectrometer 
(SOXS) data under the guidance of Prof. Raj Mal Jain. After working as PA for two years I got an opportunity to 
pursue my PhD in Astronomy in Besancon, France. Currently I am working on “Low-mass stars as tracers of the 
Milky Way populations: Investigating the effects of metallicity in cool atmospheres”. 


I am thankful to PLANEX for providing me an opportunity to work in its research project and feel proud to be a part 
of it. My Journey to become an astronomer began through this wonderful PLANEX programme and I wish PLANEX 
all the very success in all its future endeavours. 


Arvind Singh Rajpurohit 


Ph.D student 
Observatoire de Besancon =~ Y 
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Jantar Mantar at Jaipur 


The astronomical observatory at Jaipur, India, hosts a magnificent 
collection of large sundials and scientific instruments. It is among one of 
the five such observatories in northern India, built between 1727 and 
1734 by Maharajah Jai Singh II, an extraordinary man who was largely 
interested in astronomy and astrology. The observatories called "Jantar 
Mantars" incorporate multiple buildings of unique form, each with a 
specialized function for astronomical measurements, with striking 
combinations of geometric forms at a large scale. Jai Singh adapted and 
added to the designs of earlier sight-based observatories to create 
architecture for astronomical measurements that is unsurpassed. 


The observatory contains a large number of astronomical instruments: Inclined plane instruments, Hemispherical 
Bowls, Pole Star Instrument, Ecliptic instruments, Equatorial dials, Meridian transit instruments etc. 


The largest instrument is the "Samrat Yantra" or equatorial sundial. It 
consists of a straight ramp or gnomon, about 30 m high, aligned north south 
and elevated at an angle of 27 degrees above the northern horizon. The 
latitude of Jaipur is 27 degrees north, thus Sun? 

the ramp points toward the celestial pole. 
On each side of the ramp, there are two 
quadrants, fashioned in masonry. 


The Sun casts a shadow of the ramp edge 
on one of the quadrants; before noon, the shadow is cast on the quadrant to the 
west of the ramp, and during afternoon, it is cast on the eastern quadrant. The 
local solar time can be read from the markings on the quadrant at the edge of the shadow. With careful 
measurements, one can measure the local solar time to a precision of a few seconds. 


- Another fascinating instrument "Kapali Yantra" consists of two 
hemispherical marble bowls, which can be thought of as the inverse of the 
celestial hemisphere. Lines are marked on the marble to show the altitude 
and azimuth, the declination and hour angle, and the signs of the zodiac. It 
can be used for determining altitude, azimuth, meridian transit, declination 
and hour angle. 
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